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ABSTRACT

This theas consists o’ an interactive program that enables the student to study the
orbital motion of satellites around the earth. The student can investigate the shape of
a variety of orbits by varving the initial position and velocity of the satellite, or by sup-
plving select orbital parameters i.e. initial orbital radiug, eccentrieity, and inelination.
Satellite maneuvers can also be studied, like transfer orbits and inclination changes, by
command velocity changes at any location in the orbit. Also the eflects o' the perturb-
ing forces due 1o the oblateness of the carth, drag for low earth orbits, and gravitational
attraction Jrom the sun and moon can be investigated. The orbits are Jisphaved in either
the perilocal coordinate system around a model of the earth, or the ground track can
be displaved on a map of the world. Orbital data is displaved below the orbital plot.
The display is enabled by the use of display integrated soltware system and plotting
Language tDISSPLAT subroutines.
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I. INTRODUCTION

A visual aid for students new to orbutal mechanies is required to comprehend lully
the Jdynamics of orbital motion. This program is an interactive time step simulation
program that caleulates and plots either unperturbed or perturbed elliptieal orbits. The
progrum interacts with the student in developing the initial orbit.  Also the program
enables the student with the ability to change the velocity of the satellite at a specilic
location in the orbit. This feature will permit the student to investigate the eilects ol
commanded veloeity changes as in perigee Ricks, apogee kicks and inclination chunges.
The user can also modify the initial position and velocity of the satellite at the com-
pletion ol any orhit.

The student is given an opportunity to investigate the elltes of perturbing lorces
on the satellites orbit by choosing 1o have the program caleuhate the orbit with or with-
out perturomg forees.  The variation ol parumeters method, s seen in [Rell 1t pp.
6.407), is used in caleulating the periurbing orbit,  The perturbing lorces ttken into
consideracion are the followinyg:

. the oblateness of the carth

drug for Jow eunih orbits

!.}

(7]

gravitational foree of the moon

2

gravitutional lurce ol the sin

In order 10 review fully the operation of the program (included in appendix A) and
to uncover any problems or limitations that plagued the programming, the program has
been divided up as loilows:

l. progrum dJesign
2. unperturbed orbit

perturbed orbit

:L.Lu

velocity changes

170

graphicai plots

The programming approach and cquations used in cach of the above sections will be
exanined in there respective chipiers. A review of the coordinate sy stems used and therr




transfernniions betaea them are wduded inappendin B, Smice all the equations used
m the cafeulation of the orbital elements are fram relerence 1, they will not be reviewed
i cach chenter but will b2 incduded in appeadin € for a ek reference. Dyuations from
other cources will be reterenced in their respective Chapters.

Examples of perturbed and unperturbed orbital plots for a variety of initial orbital
parameters are inc < d in appendix D, Included are plots of low earth orbits, transfer
arbits and peosynchronous orhits.




II. PROGRAM DESIGN

In designing this program an attempt was made to make it not only as user friendiy
as possible, but also to make the program as simple as possible (o understand. To
achieve these goals, the program would have to be written in a logical manner, in a
computer language that is easy to follow, the program would have 1o run on terminals
readily avatlable to students (at the Naval Postgraduate Sehool ((\PS)), and the program
would have to be easily used by students with a minimum smount of computer or orbital
mechanies knowledge.

FORTRAN was chosen as the programming language since it is a wildly used sci-
entific language and it allows for very structured programming. By programming in a
structured Yormat, the program can be expanded in the future with a mimmum amount
of time required (0 understand the programming code. FORTRAN also allows lor
double precicion numbers 1o be used in the ealeulation of the orbit. This i critical when
round ofY error in single precision could be greater then the actual change that one is
trying to model.  The equations in the descriptions of the prograrm might not exactiy
mteh the equations in the lisungs because of special programming techniques which
must be incuded in most computer programs to handle such problems as “division by
Zero”.

The display intearated software system and plotting language (DISSPLA) package
available un the mainframe computer at NPS was used to enable a variety of graphicai
displays with a minimum amount of programming. DISSPLA has a set of subroutines
that the programmer calls to display data contained in arravs. This requirement forces
the program to load arrays with the satellites position in order for it to be plotted. The
TECGIS computer terminal and associative plotter was used for ease of gaining hard
copy plots of the orbits and the diversity of locations that are available here at NPS.
In order to run a program in DISSPLA tiie user must first define storage space of 13tk
and designate temporary disk space, and then call DISSPLA with the program name.
This is accomplished with the following commands:

1. DEFINE STORAGE 15u0K

]




2 TCNS
3OTDISK 4 DIS
4 DISSPLA ORBIT

To make the program user friendly, the user is prompted for inputs via the kevboard.
The entry is usually a number. A ves or no response can be entered by typing "Y" or a
"N In most cases the program Joes a check to see if the input is appropriate, In order
to mike 1t as easy as possible for the student 1o get the desired orbit displayed, the
program requires only the initial position and velocity of the satellite. The initial posi-
tion and velocity of the satellite is supplied by the user in one of two ways. The user can
input the position and velocity of the satellite, using the perifocal coordinate system
(1K), or the user can let the program place the satellite on the "1™ axis of the UK system
at the radius ol perigee (RP) distance supplied by the user. This latter choiee gives the
inititl location of the satellite, but to get the velocity the program will prompt the user
for one of the following:

1. the actual velocity in the UK svstem.

2, the eccentriviiy () of the orbit, In which ease the velocity is ealeulated Irom the
followmny equiations:

133

(-

= SCM-NOr aNis

-

. I3
LNR»= = = energy mass
Where ¢ = MG

M = mass of carth

G = Universal gravitational constant

gy . B
v 241;'.\1{-:-7{7;-)

3. the rudius ol apogee (RA) The veloaty is calculated by first caleulaung the ec-
centricity (e) from the following:

Lo RA=RP

ST RA-RP

With the cecentricity the same equations used above are used to calculate the ve-
locity.

In order to give the velocity a direction the inclination (i) of th: orbit is required from
the user. The following equutions are used to calculate the velocity vector:

vy = 0n

4.
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The program will check to ensure that the orbital eccentricity is less than 1.0, if' it is not
then the program will rejeet the inputs. Aler the initial input are aceepted, the program
will do ealeulations for the six orbital elements required to describe the size. shape and
orientation of the orbit, and to pinpoint the position of the satellite along the orbit at a
particular ume. This classical set of six orbital elements are as follows:

I. &, semi-major axis,

A e, eccentrivity,

7]
5

1. inchnation.
Q, longitude of the aseending node.

[ S

o1, argument of perigee passage.

>

. T.uma of perigee passage.

The program actually caleulates more orbital elements than the six classical elements
required to plot the orbit, this is done in an 2ffort to make the program as robust as
pasable, This will add in the ability 0 expand the program in the future.

IF the satellite is not faitially at the perigee point then the satellite first be
stepped around to the perivee point. The program then enters a loop that caiculates the
orbit from the perigee point through one complete orbit around the carth and back to
the perigee point. The orbit is calculated in steps of 2 times pi divided by an integer, i.¢.,
2 times pi divided by 30, This step size was used to ensure a smooth orbit for Jisplay
purposes and also to get within adequate distance to the perigee point or other location
for a velocity change. After the loop is completed, the program will offer the user a
choice of the follawing plots to check the orbit:

1. perifocal

3. grounutrack

The program then goces into a loop oflering the user the following choices until the user
decides to end the progran:

I, plot unother view of the sume orbit.

L




I the user wishies 10 plot another view af the same orbit then the user may use
thic chaice to reenter the display partion of the progran.

2 plat tha nent erbat perturbed or unperturbed). ‘
Lo plot the next orbit the satallite is stepped around the complete orbit either
with er without perturbing lorces ellecting the satellite.

3, change the initial conditions.
'he program goes to the beginning of the program and allows the user to change
the intial position and veloeity ol the satellite.

4. change the veloeity at a specilic location
Step the satcllite around o a specific true anomaly and make a velocity change
at that location.

3. elear the previous orbits from the plot. .
Clear the memory of ali the previous orbits and only retain the current locntion
and velocity as the initial position and velocity.

Before eiach new orbit, the orbital elements are recaleulated.

There are several common assumptions and constants used throughout the program
i.e. ull bodies are eonsidered to be spherically svmmatric (this allows these bodies to be
treaied as though their masses are concentrated at their eonters (point masses)). other
assumptions will be covered in their respective chaprers.




lHl. UNPERTURBED ORBIT

The subrouzines that caleulate the unperturbed orhit are the most widely used sub-

routines in the entire program. These subroutines are callzd to step the satellite around
to the perigee point from the user supphed initial position and velocity, to calculate the
next unperturbed orbit, and for any veloeity change. No matter which of these sources
supply the nitial position and velocity the pragram calculates the unperturbed orbit in
the same manner, The only dillerence is where iy the orbit the satellite is initially when
these subroutines are called. Bzfore the unperturbed subroutines are called, the orbital
clements are caleulated.

The unperturhed subroutines are called by a single subroutine "UNPRET” which has

the following basi¢ algorithm:

Increment time by the time step size (DT The time step was chosen as the period
disided By ginty to give a smooth plot, but more importantly to ensure that the
satellite 1s within an acceptuble Jistance lrom a specilic location lor a veloeity
change, The angular error caused by the step size can be as much as Pl 30 from
the desired point lor a circular arhit and will increase for more eccentric orbats.
I'tus error becomes a factor when the user is making velocity changes, and therelore
1wt will be covered in that chapter in [urther detail,

Caleukite the new elemenis. The caleulation of the new elements is the heart of this
aizorthm. The size, shape and orientution ol the orbit remiuns unchanged. What
is required is the position of the satellite along the orbit as a function ol time. The
problem becomes a matter to solve “the Kepler problem™predicting the future po-
sitton and veloeity ol an orbiting object as a Iunction ol some known initial posi-
ton and velodity and the ume ol Nlight [Refl 1: p. I81). An algorithm using these
principles wiil follow:

a. A time step (D) is added to the time of flight(TF), time of flight is the clapsed
time since the satellite passed the perigee point,
TF=TF+DT

b. The new mean anomaly (MA) is calculated from the new time of flight, and the
mean motion (MM).

Mo = MM x TF

¢. With the new mean anomaly the new cceentric anomaly (EA) is calculated.
Because the solution to the Kepler problem (Mo = Ed — e x sin(Ed)) is
transcendental, an iterative solution based on the Newton methed of root find-
ing is used. The root in question is a solution to the equation
(MA = Ed + e xsitEA) =0). This algorithm takes the form of [Ref. 1: p. 222}

N Mi.=Ed —exsin(EAd)

~1




M= ML
(] =e¢xvoMbln

Lt = Ed,

Where thic equation 1s apphed imtially to E4. = )4 and then reapplied
unuldmc ditference between MA and M., becomes small enough to be ig-
nored.

d. The new true anomaly (v,) is caleulated from:

‘ cos e = cost £41)
V|
2 ccos(Ed) — |

(72
<

Calculate the new position and velocity. The position and velocity are calculated
in the perifocal eoordinate system (PQW). The PQW system uses the orbit as its
fundamental plune and therefore requires only two coordinitte to specify the satel-
Iie’s position and velocity, The =, coordinate is by definition alwayy equal to zero.
The position ot the satellite is caleulated as:

X, = rCos v
Fomrsiny

> mli}
“

The velneity of the satellite is calculated as:

-lx .
v = -‘7! - sinv.)

\

I
Yo -’:,- (¢ -+ Ccosv.)

N\

vom=

<. Store position and clements in arrays for plotting. In order for the program to plot
the orbit the radius, true anomaly, inclination, and argument of perigee must be
stored in arrays. The use of these arrays to plot the orbit will be expluined in
chapter b,

120

The process is repeated until the satellite is at the perigee point and the true

anomaly is two pi.
The procedure vsed to calculate the unperturbed orbit leave very little to be modificd
by a programmer. The only choices that had to be made concerned step size, how to tell
the UNFRET subroutine that the perigee point had been reached, and a value of ac-
ceptable error for newtons method. For the unperturbed orbit, the step size just had to
be small enough to produce a smooth plot of the orbit. Two indicators for perigee were
used, one was that the true anomaly was greater than 6.21 radians (two pi equals 6.28
radians) and the time from the previous perigee point will be greater then the period.
The two indicators were logically “und” togetiter to ensure the perigee point was reached.

o




Fite dicpaniy between two prand 0.2l radins is due 12 the errar praducad by ts sl
el aet beginning the ol at onactly the penigee peint and the om0 weed 20
around the erbit, The deceptahie size of error tor newtons methed was set at Loy,
pecaune lor an unperturdad orbit this would be the nwyor contributor to any error in the
erbit and the magnitude of this error would be acezptable.  Howeser: in a perturbed
orbit there are other factors centributing to determining the acceptable error, and these

will be discussed in the next chapter.




IV. PERTURBED ORBIT

The perturbed orpit uses the same basic routines as the unperturbed orbit in step-
ping the satellite around the eurth with one major dJifference, the perturbing forces
produce a time rate of change of the orbiial elements that must be applied at ea~h ¥ &
sten,  The variation of parameters method is used to Jdetermine this influence of the
perturbing forces on the orbital elements. The analysis is simplilied by using the orbital
coordinate system "RS\Y', as explained in appendix B. The basic algorithm is as follows
[Rell 1: p. 07}

2

o2

]
-

gl

ws

6

-

"\ .

A=y, caleulate six orbital elements.
Compute the perturbing forces and transform it at ¢ = 7, to the "RSW* SYSTEM.
Compute the time rate-of-change of the elements.

Culeulate the change of elements for one time step, and add the changes to the old
wtlues at ewch step ro get the new elements.

From the new values of the orbital ¢lements, caleulate a position and velocity.

Go 1o the step 2 and repeat until *he final time is reached.
The steps in the algorithm will be explained in the following sections:

ORBITAL ELEMENTS

The standard orbital elements a, ¢, 1. L, @ and T (or M) will be used, where

a = semi-maior anis

¢ = pceentricity

= pclination

Q = Jongitude of ascending node

© = argument of perigee

T = time of perigee passage
(M, = mean anomaly at epoch = M —n(r—1,)). The elcments are calculated only

at the beginning of the orbit from the initial position and velocity vectors. The elements

are

then changed continuously throughout the orbit by adding the changes due to the

perturbing forces. For the perturbed orbit, the satellite will always begin at the perigee
point. This is done so onc complete orbit is from perigee point to perigee point.

14




B. COMPUTE PERTURBING FORCES

The variaton of prrameters methed requires that the perturhing forces be calculated at
aach step an the orbit, In order to do thit a model of each perturbing force must be
Jevelopnd. The foiiowing perturbing forces where used in calculating the total perturb-
ing force ellzcting the sateline:

. oblateness of the earth

2, atmospheric drag

3. gravitational attraction of the sun
4. gravitational attraction ol the moon

he magnitudes o these forces have an enormous range of values and are dependent
on the distance the satellite is [rom the perturbing body. Figure 1 on page 12 shows a
graphical representation of the magnitude of the perturbing forces in a log-log plot of
perturbing forces per unit mass [Rell 2 p. [V-61). The model of each of these forces
lollows:

I. NON-SPHERICAL EARTH

The earth is not perfectly spherical. but bulges around the equator. The pelar

and equatorial diameters are 12713.0 Km and 12756.3 Km, respectively. ihe oblateness
results in a perturbing lorce per unit mass with these components in the "RSW” ¢coordi-
nate svsiem {Rel. 3t p. Sk

‘
{ _:“Uu’:r: }

- .
Fom (1 =3 sind smzm,n

X7

.
(~3ut-r7)

Fym ( sin’(i) sin(uy) cosiu,))

r

( —3;1.131'3)

F, = < ( sin(i) cos(i) sin(u))

The variable and constants of these equations are defined below:

i. Variablos:

a. u, = the argument of latitude and is equal to the true anomaly v, plus the ar-
gument of perigee .

N, = vy )

b. r = the radius {rom the center of the earth 1o the satellite.

11
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1= gy
2. Canstants
Gow = the pravitational parameter ol the earth,

3
thy’)
om M§0], ———
s.
b. J, = the second harmonic of oblateness coellicient, determined by experimental
observations,
Jy=m SIE -3
¢. r, = the mean radius of the earth,
r,= 6.3782E3Rm

2, ATMOSPHERIC DRAG
The formulation of atmospheric drag equations are plagued with uncertainties
of atmospheric fluctuations, frontal areas of orbiting object (if not constant), the drag
coetlicient, and other parameters. A fairly simple formulation will be given here. Drag,
by Jefinitton, will be opposite to the velocity of the vehicle relative to the atmosphere.
Thus, the perturbing foree is

F-_.+";.c*u..m.ms.\'-v.?

o

The velocity vector is in the ‘1JK’ system so the resulting lorce is also ia the "1JK* svs-
wem. Therefore a transformation to the *RSW” system is required.
The variables and constants of this equation are defined below:
I. Variables:
. v = speed of vehicle.

b, CID = the dimensionless drag coeflicient. The drag coeflicient CD has a value
betiween | and 2. It takes a value near | whea the mean [ree path of the at-
mospheric molecules is small compared with the satellite size. and takes a value
close to 2 when the mean free pach is large compared with the size of the satel-
lite. The drag coeflicient will be modeled with CD = 2 when the satellites alti-
tude is greater than 530km and equal to 1 othenwise. [Ref. 4: p. 295)

¢. DEN = atmospheric density at the vehicle’s altitude. The density is spherically
symmetric, and will be modcled using exponential steps using the parameters in
labie 1 on puge 14 and the [ollowing formula [Ref. 1: pp. 423-424):

o) = g o




Tahle 1. ATMOSPHERIC PARAMETERS AND VALUES

b v # A 7 din
(TN TR PRALY T S A X nn 12223
| 13u farlaid
13sig 1LTNdniu] L301Em i k.
) LN 3I8SL-n7 221ovsk.u7 1500 | J.63Law
3
2w [ a2

2. Constants set to typical vajues:
a. m o= mass of the satellite, set equal to 100kg,

h, AR = the wetionitl arca of the vehicle perpendivular to the Jdirection of
mnotion, -

3. PER1 JUE TO HEAVENLY BODY
The sazellite « ...~€ perturbation forces due to the gravitational effects

ol tlie sun and the moon. 1 he perturbation force from a perturbing body is the dJiffer-
ence between the gravuaational force due to the perturbing body at the ratsllite and the
granaattonal force the satellite would experience if it were at the eenter of the earth.
From bagurd 2 on puge 15, the perturbing force per unit miass of the satellite is

"

Wy =T Byin
fom- o, -

. , = - -
Asbe =¥, "-

-
«3=

The variable and constants are delined below:
1. Variables:
a. 1, = Jistanee from the earth center for the perturbing body

b. /, = unit vectar from the earth to the perturbing body
¢. r = distance from carth center to the satellite

d.
2. Consiants:

—

, = unit vector [rom the earth to the satcliite

& g, = gravitational constant of the perturbing body = MG

The subscript p is to be replaced by s if the pesturbing body is the sun, and by m il the
perturbing body is the meoon. We will assume that r < <, then the eguution sbove

A
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Figure 2. Perturbation forces.
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The unit vectors i, and ;; can be written in terms of the ‘IJK’ system as:
;‘; = ( cos(£2) cos(uy) — sin(£2) cos(i) sin(uo))f + ( cos(u,) sin(L2) + cos(w) cos(7) sin(uo))j +
( sin(7) sin(u) K
;';, = ( cos(€d.) cos(uy,) — sin(£2,) cos(i,) sin(uo,));- +

(cos{uy,) 5in(Q,) + cos(w,) cos(i,) sin(uo,))j + ( sin(i,) sin(u,,,))l?

where Q, i, and y are the orbital elements of the satellites and Q,, i, and y, are the
orbital elements of the perturbing body. The formulas above use the ‘lJK’ system, and
as such the resultant forces must be transformed to the ‘RSW’ system. Models of the
sun and moon orbits are required to calculate 7, and }: The models used in the program
for the sun and moon'’s orbits follows: [Ref. 3: pp. 73-74)
4. SUN'S POSITION

In order to model the suns orbit, a number of simplifications had to be
made in the actual parameters of the suns orbit. First the sun will be assumed to be in
a circular orbit.This means that the radius (r) to the sun will be constant, and the ec-
centricity (e) will equal 0.0 instead of its true value of 0.017. The other assumption will
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e to place the sun on the "1 ams of the "IJK system at the beginning of the program
aid have it progress through its ortut as the program runs. These changes will not ellect
the perturbing force in .\ noticeable magmitude.
The loilowmy vanaules and constants where used in the program 10 model
the suns orbit after applving the simplifications: [Refl. 3: pp. 78-7§)
1. Constants:

[AYRD)

a. Gravitational Constant: G m 6.6°E — 11 e

b. Sun’s Mass: m, = 1L99LI0AG
¢. Sun’s Gravitational parameter:

.2
= L327T33E0 Am

A2
d. Sun’s eccentricity: ¢, m 1.0
e. Radius of orbit, assume sun is in circular orbit: 7, = 1.45E11m
Sun’s inclination: si = 2343 Jeg. = J4.09279709d-01 radians

o)

"

. Longitude of ascending nude: 0, = 0.0
!

2. Variables:

-

< Argument of perigee: @, m LY

& The true anomaly of the sun’s position as a function of the time the satellite has
been in orbit:

e I
V) = R s

Where TT = true time, the timse the satellite has been in orbit {sec)

-

b. Sun’'s Position vector: 7 = r cos vy, P + 7 sin v,,Q

>

¢. Unit vector from the carth to the sun: i, m ——

Il

~

b. MOON'S POSITION

In modeling the orbit of the moon, similar assumptions where used as with
the sun. The moons orbit will be assumed to be circular, actually the eccentricity is
equal to 0.033. By placing the moon initially on the ‘I’ axis of the "IJK’ system along
with the sun, the gravitational forces of the two bodies will combine to a maximum.
However; since the moons orbital period is only 27.3 days, the moon will not stay in this
alignment and the magnitude of the combined lorces will vary with time. The inciination
of the moons orbit is not constant, but drifts between 18.3 and 28.6 degrees in ten vears.
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AMso ke longiude of the ascending node 12 osailites berween 13 and -13 Jegrees. To
smphiy ths the fnctination will be ciiosen as a constant 23,5 Jegrees and the longitude
of the axcending node as wo degrees. For the ume pened mvolved in caleulating the
perturbed orbut, these assumptiens will ot make any sigmiicant Jiflerence,

The following variables and constants were uced in the program to model
the moons crbit, alter applying the simphtications:

. Constants:
(Nt}
hgt

a. Gravitational Constant: G = 6.67E ~ 1}
b, Moon's Mass: m, = F.38E224¢
- (Nt

¢, Moon's Gravitational Paramater: g, = G/, = 3912 T
d. Moon’s eceentricity: ¢, = 0.0 )
¢. Radius of orbit, assume moon is in circular orbit: 7, = 3.834ESkm
I. Moon's inclination: i = 23.3deg. = J,10132373E-1 radians
g. Moon’s longitude of ascending node: £, = 0.0
I Moon's argunment of perigee: w, = 00
L Moonw's peried: T 27,3 davs [period]
2. Variables:

a. The true anomaly of the moon’s position as a function of the time the satellite

» : sgergy 2:? 1)
has been in orbitt v AT T = T I 2 T 77

b. Moon's position Vector: 7 m r cos v P + r sin ve .0

»

. s - £
¢. Unit veetor from earth to moon: i, = -I—.—I
.

The models of the sun and moons orbit calculates the position vector in the ‘PQW’
svstem and therelore the position vector must be transformed to the "LJK® system.

C. RATE-OF-CHANGE OF ORBITAL ELEMENTS

The derivations and equations of the rates-of-change of the orbital elements are
contained in reference 1 pages 398 to 406. Therefore; only a summary of the actual an-
alytic expressions for the rate-of-change of the parameters in terms of the perturbations
will follow:

I. Rute-of~change of the semi-major anis:
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Whare =" 1 the mean mouon of the satellites orbut.
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Rate-of-ehange of the eccentngity:
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Rate-of-change of the inclination:
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L [ ———=")F,

waty 1=

Rate-of-change of the longitude of the ascending node:

N ran

(1294 £

> - —— F,
nat\ l=e sini

Ra(c-c!‘-chnngc ol the argument of perigee:

Y
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Rate-of-change of the eccentric anomaly:

dEA | [ sinvg + )(l + ¢ oS vp) — ( cos vy -d(—cos Vo + € sin vg))
di " sin(Ed) [1+ecos ]’

Rate-of-change of the mean anomaly:

ﬂ.,\’.'! _LLI_.:L i 'E lhi’;." ‘I"'
7 ”y " —sint[5,1) — ¢ X cos o o =1




Tras wquanion reduces 0 the followmng for areular and acliptic erbits
e mar |,

1Y

- hd .
g - b} M=) ] = . W’
— g —— ':"—"'_._-CQS V. r_ - b l voe i ‘t‘,}s . [ —
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Where the Rate-oi-change of the miean motion:

Jn' ":'R e
— n S— ———

Wl 2!2'.1‘ it
{ref 1 p. 396-407]

D. NEW ORBITAL ELEMENTS

The change of cach element is calculated by multiplying the rate-of-change of the
eleraent by the ume step (DT). The change in the orbital elements are then added to the
current values of the elements to give the new orbital elements. With the new elements
caleulated, the satellite is stepped forward and the new position and velocity are ealeu-
Jated in the same manner as the unperturbed orbit (chapter 3). Also as with the unper-
turbed orbit, the process is repeated until the satelbte is at the perigee point, indicated
oy the time of fight (TF) equal to the period of the perturbed orbit.
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V. VELOCITY CHANGES

The abihity of the student to change the velocity of the satellite at any position in

the orbit iz a vital element in this pregram.  With velocity changes the student can in-
vestigate the elzets of varving the satellites velocity as in transfer orbits and inclination
changes. In order to simplifty the program the unperturbed arbit is used throughout this
routine. The velocity change algorithm used in the program follows:

I

Rotate to velocity change location.

The user is given the choice of changing the velocity of the satellite at the
perigee, apoyee or at any true anomaly. If the user chiooses perigee or apogee as
the change locations, the true anomaly i set equal 1o zero or pi radiuns respect-
fulls. With the location of the velocity change, the satellite is first stepped around
to the dusired true anomaly. The stepping is identical with the unperturbed orbit
with the exception that the stepping terminates when the true anomaly is greater
or equal to the desired true anomaly. With a step size of one fiftieth of the period,
the satellite is actually stepped around to a location near the desired location. This
variinee ¢un be reduced by decreasing the step size but this would increase the
computation time, This error will be a major factor in precise calculations of
transler orbits, or any other orbitul maneuver where precise veloeity' changes are
required.  However; this program is not a tool to caleulate precise orbital maneu-
vers. but rather a learning tool for the student to get a ™ol for the results of velocity
changes in a satellite’s orbit.

Change the velogity,

With the sateliite at the Jesired location, the program calculates and displays
for the user the satellite’s current velocity, escape velocity and circular velocity (the
velouity required to cireularize the orbit). The program will not allow velocities
graiter than or equal te the eseape velodity. The user is given the option to enter
a npew velocity in the "LIK’ system or to change the magnitude of the velocity in the
orbital plane. Jf the user chooses to change the velocity in the orbital plane, the
program will prompt the user for the magnitude of the velocity change, and multi-
plv this change by a unit veetor in the direction of the satellites velocity, This ve-
locity change vector is then added to the satellites velocity vector, to calculate the
new velocity veetor.

Calculate new elernents.
The orbital elements are calculated with the new velocity vector and the satel-
lite’s position vector.

Coniplete the orbit.

The pragram will complete the orbit to the new perigee point using we satel-
lite’s position. new velocity and new clements. There are a number of problems
that arise if the satellite is just stepped around to the perigee point. For example,
with velocity changes in the orbital planc the apogee and perigee directions can
physically swap. This is a problem when plotting with the perifocal coordinate
svstem because the v, axis points toward perigee. To avoid problems like this the
arravs used in plottng the orbit must be cleered and the satellite’s current position
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and veloeity be treated o inicial conditions. However: to compare the old and new
arte there 1s ¢ desire ) ratam as much ol the previous orbat as possible. The
veloaty changes where divided into the following four cases te handle these prob-
G

\!.

c.

Change velocity in the orbital plane at the perigee point with the new velocity
greater than the cireular velocity, The pengee point will remain the same so the
satellite is stepped around using the unperturbed subroutines,

Change velocity in the orbital plane at the perigee point with the new velocity
less than or equal to the circular velocity, The perigee and apogee directions
will switch so the plotting arrays are first cleared and stored with the current
location data. Because the satellite is now at the apogee point the satellite is
stepped around to the perigee point storing the second hall’ of the orbit. The
entire next orbit is calculated and stored to get a complete orbit.

Change velocity in the orbital plane at the apogee point with the new velocity
less than the circular velocity, The perigee and apogee directions will remain the
same, 5o the satellite is stepped around to the perigee point completing the orbit.

This last case catches all the following velocity changes; velocity change in the
orbitul plane at the apogee point with the new velocity greater than or equal to
the cireular velocity, velocity changes at any other true anomaly in the orbital
plane, and any velocity change out vl the orbital pliune. The plotting arravs are
cleared and stored with the current location data. No matter where in the orbit
the satellite is, the satellite is lirst stepped around to the perigee point, and to

ensure a complete orbit is plotted the entire next orbit is also caleulated and
stored,




VI. GRAPHICAL PLOTS

The program provides two tvpes of graphical displays of the orbit, a display in the
perifocal coordinate svstem and a display of the satellite’s ground track. Each display
type is uselul in observing different aspects of the orbit. The perifocal display wiil allow
the user to see how certain orbital parameters change with different initial positions and
velocities, and also how the parameters change with velocity changes at varying posi-
tions in the orbit. The ground track will enable the user to gain an appreciation {or the
physical location of the satellite above the earth, and see how the orbital parameter al~
fects the path ol the satellite. The ground track will also display the precession of a se-
quence of orbits. Both displays plot the position steps to give the user an understanding
of how the satellite speeds up at perigee and slows down around apogee.

The DISSPLA package on the mainframe computer was used to enable the plotting
of the orbits. The versatility of plotting subroutines of DISSPLA makes the actual
programming of the orbit a simple matter ol initializing DISSPLA for the type of mon-
itor being used, setting up the plotting area, initializing the axis and axis scale, and then
plotting the Jesired curve from points contained in arrays. This is a simplified explana-
tion of DISSPLA. but for further details on DISSPLA programming refer to the
DISSPLA user's manual [Rel. 3} DISSPLA also supplies subroutines to draw a varicty
ol projections of the world and lill the projections with coast lines, latitude lines and
longitude lines. Tacre are a couple of DISSPLA requirements that did require special
handling in the program. The requirecment that the data be supplied in arrays forced tiic
program to load arravs with the required position and parameters and to Keep a counter
lor the number in the arravs. The array format requires the size of the array be specified
in the beginning of the program. The array size needs to be large enough te hold a
number of orkits, but not so large as (o waist storage space. The program will continue
to add orbital data to the arrays until the user chooses to delete the previous orbits, If
a new initial position and velocity is entered or if the arravs will overflow with the next
orbit the arrays will automaticaily delete all previous orbits. DISSPLA also requires that
all data be in single precision formai. The program calculates all orbits in double pre-
cision in order to limit the efTect of round-ofT error, but by using the single precision data
for plotting will not aflect the accuracy of the plot in any way.




The subroutines ».sed to display the orbuts will be cosered m the Jollowing three

ceations:

A. PERIFOCAL PLOT

The plotting of the orbit in the perifocal coordinate system is the zasier of the two
types of plots. Since the perifacal coordinate system has the orbital plane as the fun-
damental plane, the only requirements to describe the orbit in the perifocal coordinate
svstem are arrays with the true anomaly and the radius to the satellite. To give the user
a sense of the size of the plot, the axis length varies with the eccentricity and semi-major
axis length. Also a plot of the earth is plotted to the same scale, with the pole or center
of the plot on the onigin of the axis. The latitude of the earth at the center of the plot
will vary with the inclination of the orbit. This plot will allow the user to see a relative
view of the sateliie’s coverage in the minus “Z’ axis direction of the perifocal coordinute
system,

B. GROUND TRACK

The ground track plot is a very complex subroutine compared with the perifocal
plot. Because the ground track is a0t a sontinuous curve a procedure to handle the
satellite ending at one end of the plot and wrapping around to the other end was devel-
oped. The wrap around problem is avoided in most orbits by plotting the orbit in seg-
ments with the following two cules. Each segment begins at the beginning ol a new plot
or at the edge ¢l the plot arca. and ending when the satellite would wrap around to the
other side of the plot. At the beginning of a seament if the position of the satellite is
within five degrees of the edge of the plot, that position and any other positions within
that five degree boundary will not be plotted. The segment will end when the satellite
is within ten degrees of the edge of the plot. The above restrictions imposed on the
segments of the plot will not substantially aflect the interpretation or uscfulness of the
plot. The ground track is plotted on top of a cylindrical equidistant projection of the
world, with the world coast lines and a longitude-latitude grid for reference.

C. DATA

Information concerning the orbit is displayed on the lower half of the plot. The
information is designed to supply the user with enough of the basic orbital elements and
other parameters affecting the orbit to be able to evaluate what basic type of orbit the
satellite is in, and the eflects of velocity changes and perturbing forces have on the orbit.
The following data ire plotted: inclination(i). semi-major axis (a), eccentricity {¢), period
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(per). apogee and perigee velocity and radius, average time rate-ol*change of orbital el-
aments, and the average magnitude of perturbing forces per unit mass.




VII. CONCLUSIONS AND RECOMMENDATIONS

The program supplies the student with an interactive tool to study the orbital mo-
tion ol sateliites around the earth. The student can investigate a variety of orbits by
varving the orbital parameters, command velocity changes, and observe the effects of
periwrbing forces.

The student is provided with (wo options for entering the initiai position and veloc-
ity of the satellite. The program could be expanded to provide the student with the ad-
ditional options of entering cither orbital parameters or a ground observation data and
have the program celeulate the initial position and velocity from this Jdata. Also the
student is hinited to orbits with eccentricities less than one (elliptic orbits). The program
could be also be expanded o include more eceentric orbit for Lunar, interplanetary, and
missile trajectories. The perturbing orbit is calculated for orbits around the earth with
relatively smaj) perturbing forces in relation to the earths gravitational force. This fuet
will cause the program to produce false results if' the student tries to caleulate lunar
trajzctories. Special routines would have to be employed when the perturbing force (the
moons gravitational attraction) is comparable to the curths gravitational attiraction.
This will not become a fuctor for studyving current satellite orbits out to the
geosvnehronous radius of 42241 1km,

The veloeity change subroutines meve the satellite to a Jocation close to the desired
location belore a velocity change is imposed. By reducing the step size in the velocity
change subrouzine, this error could be reduced. Precise orbital transfer mancuvers can
be modeled by reducing this error caused by the positioning of the satellite prior to
changing the velocity. The program will currently provide the student with usciul plots
for gaining expericnce with various transier orbits by varving the magnitude and location
of the velocity changes.

The output of the calculations of the orbit are arrays loaded with the satellite’s po-
sition and select orbital parameters. The DISSPLA subroutines that plot the points are
not unigue. The program would become portable to personal computers with these
graphics subroutines written in FORTRAN and included in the program.

A final recommendation is that the display of the ground track could be modified
to show ground coverage, number of satellites in a constellation, and other elements
necessary for planning @ real-world artificial satellite application.

to
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APPENDIX A, ORBIT PROGRAM
FROGRAY CRBIT

THIS PROGRAY IS AN INTERACTIVE TIME STEP SIMULATION OF
SATELLITES AROUND THE EARTH. PERTURBED AND UNPERTURBED ORBITS
ARE CALCULATED AND PLOTTED. VELOCITY CHANGES ARE ALSO PERMITTED

AT SPECIFIED TRUE ANOMALIES.

A LIST OF VARIABLES USED BY THE MAIN PROGRAM FOLLOWS.
A = SEMI-MAJOR AXIS

AL = ARGUMENT OF LONGITUDEZ

AP = ARGUMENT OF PERIGEE

CHETA = VELOCITY CHANGE LOCATION TRUE ANOMALY

DT TIME STEP

L ECCENTRICITY

A ZCCENTRIC ANOMALY

El I VECTOR OF ECCENTRICITY

£J J VECTOR OF ECCENTRICITY

EX K VECTOR OF ECCENTRICITY

FR R VECTOR OF TOTAL FORCE

FS S VECTOR OF TOTAL FORCE

W W VECTOR OF TOTAL FORCE

H ANGULAR MOMENTUM

HI I VECTOR OF ANGULAR MOMENTUM

L J VECTOR OF ANGULAR MOMENTUM

HES X VECTOR Cf ANGULAR MOMENTUM

I INCLINATION

IOPT1= PERTURBED OR UNPERTURBED OPTION

I0PT2= QPTIONS: PLOT NEXT ORBIT, CHANGE INITIAL VALUES,
CHANGE VELOCITY, PLOT ANOTHER VIEW OF CRBIT, QUIT
LAN = LONGITUDZ OF ASCENDING NODE

HOoWoM oKX’ NN N NN

LP = LONGITUDE OF PERIGER
4\ = NEAN ANOMALY
MY = MEAN MGTION
MU = GRAVITATIONAL PARAMETER
N = ASCENDING NODE
NI = I VECTOR OF ASCENDING NODE
NJ = J VECTOR OF ASCENDING NODE
MK = K VECTOR OF ASCENDING NODE
NUM = STEP COUNTER
p = SEMI-LATUS RECTUM
PER = PERIOD OF ORBIT
PI = P]
RA = RADIUS OF APOGEE
£ = RADIUS OF EARTH
R = OR3ITAL RADIUS

RI I VECTOR OF ORBITAL RADIUS

KJ = J VECTOR OF ORBITAL RADIUS

RK = K VECTOR OF ORBITAL RADIUS

T = TIME COUNTER IN ORBIT

TA = TRUE ANONALY

TDA = TUTAL CHANGE IN SEMI-MAJOR AXIS

TDAP

TOTAL CHANGE IN ARGUMENT OF PERIGEE

CRBO0010
ORB00020
ORB00030
ORB00040
ORB000S50
ORB00060
ORB00070
ORB00080
ORB00090
ORBCO100
ORBO0110
QRB00120
QRB00130
ORBO0140
ORB001S0
ORB00160
ORB00170
ORB00180
ORB00190
ORB00200
ORB00210
ORB00220
ORB00230
ORB00240
ORB00250
ORB00260
ORB00270
ORB00280
ORB00290
ORB00300
ORBOO31¢C
ORB00320
ORB00330
ORB00340
ORB00350
ORB00360
ORB00370
ORB00380
ORB00390
ORB00400
ORB00410
ORB00420
ORB00430
ORB00440
ORB00450
ORB00460
ORB00470
ORB00480
ORB00490
ORB00500
ORB00510
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TOE = TOTAL CHANGE IN ECCENTRICITY

T0H = TOTAL CHANGE IN ANGULAR MOMENTUM

TRI = TCTAL CHANGE IN INCLINATION

TDUA = TOTAL CHANGE IN MEAN ANOMALY

7O = TITAL CHANGE IN MEAN MOTION

TDLAN= TCTAL CHANGE IN LONGITUDE OF ASCENDING NODE
TF = TIME OF FLIGHT

TrDRA= TOTAL FORCE OF DRAG

TFEA = TOTAL FORCE OF EARTH'S OBLATENESS

TEMO = TOTAL FORCE FROM MOON

TFSU = TOTAL FORCE FROM SUN

TL = TRUE Longitude AT EPOCH

TT = TRUE TIME SINCE SATELLITE HAS BEEN IN ORBIT
v = SATELLITE VELOCITY

VI = I VECTOR OF SATELLITE VELOCITY

VJ = J VECTOR OF SATELLITE VELOCITY

VK = K VECTOR OF SATELLITE VELOCITY

A LIST OF THE ARRAYS USED FOLLOWS:

AINRAY = INCLINATION

APRAY = ARGUMENT GF PERIGEE
RARAY = RADIUS

RIRAY = I VECTOR OF RADIUS
RjRAY = J VECTOR OF RADIUS
RKRAY = K VECTOR OF RADIUS
TARAY = TRUE ANOMALY
TIMRAY = TIME

A LIST OF SUBROUTINES CALLED BY THE MAIN PROGRAM WILL rOLLCW:

CALCEL = CALCULATES THE ORBITAL ELEMENTS

CHGVEL = ALLOW THE USER TO CHANGE THE VELOCITY OF THE SATELLITE
INPUTS = PROMPTS USER FOR INITIAL POSITION AND VELOCITY

INTSUM = INITIALIZES THE SUMS IN THE ARRAYS

NEWELT = CALCULATE NEW ORBITAL ELEMENTS FROM TIME STEP

NEWPOS = CALCULATE NEW POSITION VECTOR
NEWVEL = CALCULATE NEW VELOCITY VECTOR

OPTION = GIVE THE USER THE OPTIONS Permitted IN THE PROGRAM

PLOTS = PLOTS THE ORBITS

PRETUR = CALCULATES THE PERTURBED ORBIT
STORE = STORE THE POSITION DATA IN ARRAYS
UNPRET = CALCULATE THE UNPERTURBED ORBIT

BEGIN MAIN PROGRAM

DOUBLE PRECISION PI,MU,RI,RJ,RK,R,VI,VJ,VK,V,HI,HJ,HK,H,
+ NI,NJ,NK,N,P,EILEJ,EK,E,A,I,LAN,AP,TA,AL,LP,TL,PER,EA,

+ MM,MA,T,DT,TF, FR,FS,FW,TT,CHTA,RA,VA,TEMPTA,RE

DIMENSION TARAY(500),RARAY(500),RIRAY(500),RJRAY(500),RKRAY(500),

+  AINRAY(500),APRAY(500),TIMRAY(500)
CHARACTER"1,LOOP, YORN, ORLOOP
PI = 3.141592653589794

CRBO0S20
CRB00539
CRBO0340
ORB00550
ORB0O0S60
ORB0O0S70
ORB00580
URB0O0590
ORB00600
ORBO00610
ORB00620
ORB00630
ORB00640
ORB00650
ORBO0660
ORB00670
ORB00680
ORB00490
ORB00700
ORB00710
ORB00720
ORB00730
ORB00740
ORBO0750
ORB00760
OR300770
ORB00780
ORB00790
ORB00800
ORB00810
ORB00820
ORB00830
ORB00840O
ORB00850
ORB00860
ORBO0870
ORB00880
ORB00890
ORB00900
ORB00910
ORB00920
ORB00930
ORB00940
01800950
ORB00960
ORB00970
ORB00980
ORB00990
ORB01000
ORB01010
ORB01020
ORB01030
ORB01040
ORB01050
ORB01060
ORB01070




MU = 3,956012D+03 ORB01080

RE = §,378145D+03 gnngxosg
RBO110

USER INTRO TO PROGRAM ORBO1110
CALL INTRD g::g}igg
ENTERED MAIN PROGRAM LOOP ORBO1140

Loop = 'y! ORDO1150

IF (LOOP .EQ. 'Y') THEN g::giigg

INITIALIZE STEP COUNTER AND TRUE TIME ORDO1180
NUM = 1 GRBO1190

TT' = 0.0 ORBO1200

ORBO1210

PROMPT USER FOR INITIAL POSITION AND VELOCITY ORBO1220
CALL INPUTS(RI,RJ,RK,R,VI,VJ,VK,V,MU,LOOP,PI) ORB01230

ORD01240

EXIT PROGRAM ORB01250

IF (LOOP .EQ. 'N') THEN ORBO1260

GOTO 10 ORBO1270

ENDIF ORB01280

ORB01290

CALCULATE AND STORE ORRITAL ELEMENTS ORD01300

CALL CALCEL(RI,RJ,RK,R,VI,VJ,VK,V,EI,EJ,EK,E,A,I,LAN, ORBO1310

+ LP,TA,PER,EA,MA,AP, AL, TF,P,PI MU, M4, N,H I, H]) ORB01320

CALL STORE(RI,RJ,XK,R,TA,RIRAY,RJRAY,RKRAY,RARAY,TARAY, ORBO1330

+ NUM,I,AP,AINRAY,APRAY,TT, TIMRAY) ORBO1340

ORBO1350

PRINT DATE FOR USER TO REVIEW ORB01360

PRINTY,'VI =', VI,' KM/S' ORB01370

FRINT™,'VI =' | VJ,' KM/S' ORBO1380
PRINTY,'VK =', vx,' K4/S' ORB01390

PRINT®,' vV =' v,' KM/S' ORBO1400

PRINT™,'RI =', RI,' K’ ORBO1410

PRINT™,'RJ =', RJ,' KY' ORBO1420

PRINTY, 'RKX =', Rx,' Ry ORB01430

PRINTY,' R ='  R,' KM' ORBO01440

PRINT*, 'ECCENTRICITY =',E ORBO01450

DEGI = SNGL((180. 0/PI)*I) ORB01460

PRINT™, ' INCLINATION =',LEGI,' DEGREES' ORBO01470

PERHRS = SNGL(PER/3600.0) ORBO1480

PRINTY, 'PERIOD =', FERHRS,' HOURS' ORB01490

PRINT™,'ARE THESE VALUES CORRECT? ENTER "Y" OR "N" :' ORB01500
READ*, YORN ORBO1510

CALL EXCMS('CLRSCRN'? ORB01520

IF (.NOT. YORN .EQ. 'Y') THEN ORBO1530

GOTO 20 ORB01540

ENDIF ORBO1550
ORB01560

CALCULATE TIME STEP AND SET TIMER TO ONE TIME STEP ORB01570

DT = PER/50 ORB01580

T = DT ORB01590

ORB01600

STEP SATELLITE TO PERIGEE POINT AND RECORD ORB01610

IF ((TA.GT.0.063). AND. (TA.LT. 6.21)) THEN ORB01620

Tf =TT + DT ORB01630
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CALL NEWELT(MM,MA.E,EA,TA,TF,DT,?1,PER) ORBG1640

CaLL NPOS(RI,RJ,RX,R,LAN,AP,I, TA,A,E) ORBO1650
CALL NVEL(E P T4, LaN a2, 1,VI, VI, VK, VM) ORBO1660

NUf = NCN # 1 ORB01670
CALL STORE(RI,RJ,RK,R,TA,RIRAY,RIRAY,RKRAY,RARAY,TARAY, ORBO1680
NI, AP AI\RA\ JAPRA RAY,TT, TI%RA\) ORBO1690

T=T+ DT CRBO1700
GOTO 50 ORB01710
ENDIF ORBO1720
QRBO1730

CALCULATE ELEMENTS FROM PERIGEE POINT ORBO1740
CALL CALCEL(RI,RJ,RK,R,VI,VJ,VK,V,EI1,EJ,EX,E,A,I,LAN, ORBO1750
L?|TA’PER|EA,M'AP’AL'TF.P.PI NU m,i 'H’ ’HJ) 0R’°176°

ORBO1770

DT = PER/30 ORBO01780
T=DT ORB01790
ORR01800

STORE FIRST Unperturbed ORBIT ORBO]810
CALL UNPRET(DT,PER,AL,LAN,AP,I,RI,RJ,RK,R,VI,VJ,VK,Y, ORBO1820
MU,PI,H,A,E,N,TA, P, MM, A, EA, TF, T, NUY, RIRAY,RJRAY, ORBO1830
RKRAY,RARAY,TARAY , AINRAY, APRAY, TIMRAY, TT) g::g}::g

INITIALIZE SUMS FOR FORCE AND ORBITAL ELEMENT CHANGES TO ZERU ORB01360
CALL INTSUM(TFEA,TFSU,TFMO,TFDRA,TDI,TDA,TDE,TDNY,TDMA,TDLAN, ORBO1870

TDH, TDAP) ORBO1880
ORBO1850
PLOT FIRST UNPERTURBED ORBIT ORB01900

CALL PLOTS(RIRAY,RJRAY,RKRAY,RANAY,TARAY,NUM,PI,I,LP,AE,TF, ORBO1910
AINRAY,APRAY, TINRAY,TFEA, TFSU, TF!{0, TFDRA, PER, TDI, TDA,ORB01920
TDE , TDMM, TDMA , TDLAN, TDH, TDAP , MM, M4, LAN, H,AP,R, V) ORBO1930

ORB0O1940

BEGIN NEW ORBIT OPTIONS ORBO01550
I0FT1 = 1. Unperturbed ORBIT ORBO1960
= 3, Perturbed ORBIT ORB0O1970

= 3, QUIT ORBO1980

IOPT2 = }. PLOT NEXT ORBIT ORB01990
= 2, CHANGE INITIAL VALUES ORB02000

= 3, CHANGE VELOCITY AT A SPECIFIC TRUE Anomaly ORB02010

= 4., PLOT ANCTHER VIEW OF SAME ORBIT ORB02020
ORB02030

ALSO ASKED IF WANT TO CLEAR ALL PREVIOUS ORBITS 8:8020:0
B02050

CALCULATE ELEMENTS AT PERIGEE ORB02060
CALL CALCEL(RI,RJ,RK,R,VI,VJ,VK,V,EI,EJ,EK,E,A,I,LAN, ORB02070
LP,TA,PER,EA,MA,AP,AL,TF,P,PI, MU, MM ,N,H,HI HJ) ORB02080

ORB02090

CHECK FOR POSSIBLE ARRAY OVERFLOW ORB02100
IF (NUY .GT. 425) THEN ORBO2110
PRINT* 'ARRAYS ARE FULL' ORB02120
PRINT*,'PREVIOUS ORBITS WILL BE ERASED!' ORB02130

NUM = 1 ORB02140

CALL STORE(RI,RJ,RK,R,TA,RIRAY,RJRAY,RKRAY,RARAY,TARAY, ORB02150
NUM,I,AP,AINRAY,APRAY,TT, TIMRAY) ORB02160

ENDIF ORB02170
ORB02180

PROMPT USER FOR DESIRED OPTION OR302190
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CALL OPTION(IOPTY,ICPT2,NUM,RIRAY,RJIRAY,RKRAY,RARAT,
TARAY, AINRAY, APRAY, TIMRAY)

Initialize SUMS FOR FORCE AND ORBITAL ELEMENT CHANGES TO 2ERO
CALL INTSUM(TFEA,TFSU,T7HO,TFDRA,TDI,TDA, TDE, TDMY, TDMA , TOLAN,

TD(,.DAP)

SET TIME COUNTER TO ONE TIME STE?
T=0DT

OFTION: PLOT THE NEXT ORBIT
IF (10772 .EQ. 1) THEN

CALCULATE AND PLOT UNPERTURSED ORBIT
IFCIOPT1 .EQ. 1) THEN
CALL UNPRET(DT,PER,AL,LAN,AP,I,RI,RJ,
RK,R, VI VJ,VK v HU..I.H A,

E,N TK.P M, HA EA I3 T.NUﬂ RIRAY,RJRAY,RKRAY,

RARAY, TARAY , ATNRAY, APRAY, TINRAY, TT)
CALL PLOTSCRIRAY,RJRAY,RKRAY,RARAY,TARAY,NUY,
PI,I,LP,A,E,TF,AINRAY,APRAY, TIMRAY,

TFEA,TFSU, TFHO, TFDRA, PER,
TDI,TDA, TDE, TDMM, TDMA, TDLAN, TDH, TDAP,
MM, MA, LAN, H,AP, R, V)

CALCULATE AND PLOT PERTURBED ORBIT
tLSEIF(IOPT1 .EQ. 2) THEN
CALL PR'TUR(DT PER,AL,LAN,AP,I,
RI,RJ,RK,R, VI VJ,VK V,FR,FS, K,
3U, Pl H,A,E N,TA,P, HH MA,EA, TF T,\UN,

RIRAY RJIPAY, RKRAY RARAY TARAY AIVRA!,APRAY,

TIMRAY,TT,TFEA, TFSU, TFMO, TFDRA,
DI, TDA,TDE, TDMM, TDYA, TDLAN, TDi, TDAP)

CALL PLOTS(RIRAY,RJRAY,RKRAY,RARAY,TARAY,NUN,
PI,I,LP,A,E,TF,AINRAY,APRAY, TIMRAY,
TFEA,TFSU, TFMO, TFDRA, PER,
DI, TDA, TDE, TDMM, TD¥A, TDLAN, TDH, TDAP,
MM, MA, LAN, H,AP,R, V)

ENDIF

GOTO THE BEGINNING OF THE PROGRAM TO CHANGE THE INITIAL VALUES

ELSEIF (IOPT2 .EQ. 2) THEN
GOTO 20

CHANGE VELOCITY AT A SPECIFIC TRUE ANOMALY AND
PLOT THE NEW ORBIT
ELSEIF (IOPT2 .EQ. 3) THEN
CALL CHGVEL(DT,PER,AL,LAN,AP,I,RI,RJ,RK,R,
VI, Vﬁ VK,V,MU,PI,

H,A,E.N,TA.P,HM,4A,EA,TF,T.NUM,RIRAY,
RIRAY ,RKRAY ,RARAY, TARAY , AINRAY , APRAY.,
TIMRAY,TT,EI,EJ,EK,LP,HI,HJ, IOPT1,
TFEA, TFSU, TFMO, TFDRA, TDI, TDA, TDE , TDMN,
TDMA, TDLAN, TDH, TDAP)
CALL PLOTS(RIRAY,RJRAY,RKRAY,RARAY,TARAY,NUM,
Pi,1,LP,A,E,TF,AINRAY,APRAY, TINRAY,

30

ORB02200
OR302210
ORB02220
OR202230
ORB02240
ORBO2250
ORB02260
ORBO2270
O0R§02280
ORB02290
ORD02300
ORBO2310
OR302329
ORBO2330
ORB02340
ORBO23S0
ORB02360
ORBO2370
ORBO2380
ORB02390
ORB02400
ORB02410
ORB02420
ORBO2430
ORB02440
ORB02450
ORBI24L60
ORB02470
ORB02480
ORB02490
ORB02500
ORBO2510
ORB02520
ORB02530
ORB02540
ORB02550
ORB02560
ORB02570
ORB02580
ORB02590
ORB02600
ORB02610
ORB02620
ORB02630
ORB02640
ORB02650
ORB02660
ORB02670
ORB0O2680
ORB02690
ORB02700
ORB02710
ORB02720
ORB02730
ORB02740
CRB02750
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90

+ TFEN, 778V, TFN0, TFORA, PER,
- TD: ‘Dn,m-,m\m,mﬂl\,mhﬂ.\',mﬂ,mﬁp,
- "“. I\ ‘k’\‘.,:'i’l\P’R’v)

FLOT ANCTHER VIEW 0? THE SAME CR3IT

SLSEIT (IC2T2 .EQ. &) THEN

CALL PLOTS(RIRAY,RJRAY,RKRAY,RARAY,TARAY,NUN,
PI,I,LP,A,E,TF,AINRAY,APRAY, TIMRAY,
TFEA,TFSU, TFMO, TFDRA, PER,
101 ,TDA,TOE, TDMY, TDMA, TDLAN, TDX, TOAP,
0,4, LAN, H,AP)

STOP THE PROGRAY

ELSEIF (IOPT2 .EQ. 5) THEN
GOTC 90

ELSE
PRINT™, ' INVALID ENTRY!'
GOTQ 890

ENDIF

CHECK IF SATELLITE Impacted THE EARTH AND GO TO THE BEGINNING
IF (R .LE. 6450.0) THEN

PRINT* 'SATELLITE WIIL IMPACT THE EARTH!!!'

PRINTY, ' PROGRAM WILL RESET TO THE BEGINNING'

G970 20
ENDIT

GOTQ THE TOP OF THE ORTION LOQP
GOTO &3

+ 4+ 4+

GIVE THE USER A CHANCE TO RECOVER THE PROGRAM
PRINTY, 'Tqrs IS YCUR LAST CHANCE!'
rQI\‘* 'DO YOU WANT TO CONTINUE?'
PRINTSY, 'AND GOTO THE Bcﬁinnxn; OF THE PROGRAM?'
PRINTY, "ENTER "Y" OR "N
READ Loop
PRINT*,LOOP
GOTO 10
ENDIF

DISSPLA SUBROUTINE TO TELL GRAPHICS TERMINAL PLOTTING
SESSION IS DONFR

CALL DONEPL

STOP

END

e Ardrdrdriese e i dede A frde A e e A e s e e ok
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SUBROUTINE INTRO

THIS SUBROUTINE WILL GIVE THE USER A Brief INTRODUCTION OF THE
USES OF THE PROGRAM

PRINTY, 'THIS PROGRAM IS A GRAPHICS DISPLAY OF Satellite ORBITS.'
PRINT, 'XOU WILL BE ASKED TO INPUT THE INITIAL VELOCITY AND'

PRINT*,'POSITION VECTORS OF THE Satellite. THE PROGRAM WILL '

PRINT*.'THEN CALCULATE THE ORBITAL PARAMETERS AND THE '

31

CRB02760
ORB02770
CRBO2780
ORB0O2790
ORB02800
ORBO2810
ORB02820
ORBO2830
ORBO2840
ORBO2350
ORBO2860
ORB02870
ORBO2880
ORB02890
ORB02900
OR302910
ORB02920
ORB02930
ORB02940
ORB02950
ORB02960
ORB02970
ORB02980
OR302990
ORB03000
ORBO3010
ORB03020
OR203030
ORB03040
ORB03050
ORB0Y060
ORB03070
ORB01080
ORB03090
ORB013100
ORBO3110
ORB03120
ORBO3130
ORB03140
ORBO3150
ORB03160
ORBI3170
ORBQ3180
ORB03190
OCRBO3200
ORB03210
ORB03220
ORB02230
ORBO03240
ORB03250
ORB03260
ORB03270
ORB03230
ORB03290
ORB03300
ORB03310
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ﬁRI\x* "THE USER IS THEN ASKED T0 CHOOSE ONE OF THE FOLLOWING:'

FRIVT* '
PAIV'*

f?“, Unpexturbed GRBIT, THE USER WILL THIN HAVE THE'
T 'Cii5ICE OF DISPLAYS:

-~-QITZUnL (SHOWS RELATIVE SIZE OF OR3IT)'
-Equarorial (SHCWS CRBIT INCLINED, USER INPUT'
LINGITUDE TO VIEW A:)
-GRGLND TRACK'

-Unperturbed ORBITS'
-Percurbhed ORBITS'
-VELCCITY CHANGES'

.\IVT* 'THE USER"S CHOICE kILL BE USED IN DEVELOPING THE'
I*T* G?APHICAL OUTPUT. '

*a:w**,

FRINDY, 'ThE USER IS THEN GIVEN THE FOLLOUING CHOICES: '

°RIVT*
PniYT*
PNIVT*,'
F”ZV-* !
RE QN
EN

SUBROUTINE OPTION(IOPT1,IOPT2,NUM,RIRAY,RIRAY,RKRAY,RARAY,

THIS SUBROUTINE GIVES THE USER A CHOICE OF OPERATIONS THAT CAN BE
PZRFORMED ON THE PROGRAM AND RETURNS THE USERS CHOICE WITi

-CLEAR ALL THE PREVIOUS ORBITS'

-CHANGE THE INITIAL PARAMETERS'

=CHANGE VELOCITY AT A SPECIFIC TRUE Anomaly'
-PLOT ANOTHER VIEW OF THE SAME ORBIT'

TARAY AINRAY, APRAY TIHRAY)

VARIABLES IOPT1 AND I0PT2

DIMENSION RIRAY(500),RJRAY(S500),RKRAY(500),RARAY(500),TARAY(500),

AINRAY(500),APRAY(500),TIMRAY(500)
CHARACTER*1,YORN

I0PT1 = 0

PRCHPT USER FOR OPTION
PRINTY, 'kdICH OF THE FOLLOWING OPTIONS WOULD YOU LIKE:'

PQIVT*
PQIQT"
PRINT*'
PRINTW, '
PRINTY, "t
PRIVT* !
PRINTY, .

1.

. CHANGE THE INITIAL PARAMETERS OF THE ORBIT'
. =CHANGE THE VELOCITY AT A POINT IN THE ORBIT'

W L

<CALCULATE THE NEXT ORBIT USING THE SAME'
PARAMETERS'

(THE UNPERTURBED ORBIT WILL BE USED)'

. ~PLOT ANOTHER VIEW OF THE ORBIT(S)'
. -QuIT'

PRINT™,'ENTER 1, 2, 3, &, OR §5:'
READ*, 10PT2

PRINT* IGPTZ

CALL EXCNS( CLRSCRN')
iF ( IOPT2 .GT. 5) THEN
GOTC 103

ENDIF

Prompt USER FOR TYPE OF ORBIT DESIRED

IF (IOPT2

.EQ. 1) THEN

PRINTY, 'WHICH TYPE OF ORBIT WOUL D YOU LIKE TO SEE,'

PRINTY,'

1. -Unperturbed ORBITS'

32

CR303320
ORBOJI330
ORB0O33&0
ORB0J350
ORB03I60
ORBOII70
ORBOJ38O
OR303390
ORBO3I400
ORB03410
ORB0I4&20
ORB03430
ORBO3440
ORBO3430
ORBOI460
ORBO3470
ORB0J48O
ORB03490
ORB0OIS00
CRBO3510
ORB03S20
ORB03330
ORB03S40
ORRO3S5S50
OR303560
ORB0O3570
ORB03580
ORB03590
CRB03600
ORB03610
ORB03620
ORB03630
ORB03640
CRB03650C
ORB03660
ORB03670
ORB03680
ORB03690
ORBO3700
ORB0O3710
ORB03720
ORBO3730
ORB03740
ORB03750
ORB03760
ORB0O37/0
CRB03780
ORB03790
ORBO3800
CRBC3810
ORB03820
ORB03830
ORB03840
ORB03850
ORB03560
ORBO3870
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END

ROMPT USER TO CLEAR FREVIOUS ORBITS
F ((I02T2 .EQ. 1) .OR. (IOPT2 .EQ. 3)) THEN

?
I

PRINT®,' 2, -Perturbad ORBITS'

TRINTY,' ENTER 1 OR 2¢'

3TALT, ITPT)

ERINDL ICPT)

CALL ENGMS({'CLRSCRN')

IF (CICPTY ONE. 1) . AND. (IOPTL (NE. 2)) THEN
PRINTY, " INVALID ENTRY!'
GOTO 108

ENDIF

i

»

PRINTY, 'DO YOU WANT TO CLEAR THE PREVIOUS ORBITS?'
PRINT®, "ENTER "Y" OR "N" :!
READY, YORN
PRINIY, YORN
CALL ENCMS('Clrsern')
IF (YOR% .5Q. 'Y') THEN
RIRAY(1) = RIRAY(NUM)
RIRAY(1) = RJRAY(NUY)
RRRAY(1) = RKRAY(NUM)
RARAY(1) v RARAY(NUY)
TARAY(1) = TARAY(NUH)
AINRAY(1) = AINRAY(HUY)
APRAY(1) = APRAY(NUM)
TIMRAY(1) = TIMRAY(NUM)
U o= )
ELSEIF (YORN .NE. 'N') THEN
PRINT™, ' INVALID ENTRY!!'
PRINTY, "ALL INPUTS MUST BE CAPITOL LETTERS'
GOTO 107
ENDIF

. ENDIF
% CHECK FOR INVALID OPTION

IF ((IOPT2 .NE. 1).AND. (IOPT2 .NE. 2).AND. (IOPT2 .NE. 3) .AND.

(IOPT2 .NE. 4).AND. (IOPT2 .NE. S5)) THEN
PRINT™, ' INVALID ENTRY!'
GOTO 103

ENDIF

RETURN

END

SUBROUTINE PQWIJK(LAN,AP,INC,P,Q,W,I,J,K)

R13

R31,R32,R33,LAN, AP :

Tt e A A A e A e A A e A e e A A A A e s s e e ded e e i s e i de e ik

* COORDINATE TRANSFORMATIONS
b L

* THIS SUBROUTINE TRANSFORMS PQW COORDINATES TO IJK COORDINATES
DOUBLE PRECISION INC,P,Q,W,I,J,K,R11,R12,R13,R21,R22,R23,

R11l = DCOS(LAN)"DCOS{AP) - DSIN(LAN}*DSIN(AP)*DCOS(INC)
. R12

= -DCOS(LAN)"DSIN(AP) - DSIN(LAN)*DCOS(AP)*DCOS(INC)

= DSIN(LAN)*DSINCINC)

RX]

ORB038380
O0RB03890
O0RB0390O
ORBO3510
ORBG39520
CRBOJ93O
ORB03940
ORBO3I35C
ORB03960
ORBO3%70
ORB03980
ORBC3990
ORD04000
ORBO40O10
ORB{'4020
ORBULO3V
ORBO4L040
OR204050
ORB0L060
ORB04070
ORB04080
CRBO4090
ORBO4100
ORRO4L110
ORBO4120
ORBOL130
ORB0O4140
CRBO4150
ORBOL160
ORBO4170
ORB04180
ORBO4190
ORBO4200
ORBO4210
ORB04220
ORB04230
ORB04240
ORB04250
ORB0L260
ORB04270
ORB04280
ORB04290
ORB04300
CRBO4310
ORB04320
ORB04330
ORB04340
ORB04350
ORB04360
ORB04370
ORB04380
ORBO4390
ORB04400
ORB04410
ORB04420
ORBO4430




R21 = DSINCLANIDCOS(AP) + DCOS(LAN)*DSINCAP)*DCOS(INC) ORBOL&4LD

K22 = ~DSINCLANYYDSIN(AP) + DCOS(LAN)*DCOS(A?)*DCOS(INC) ORB04450
323 = -DIIS(LANYDSINCINC) ORB04460
R31 = DSINCAF)DSINCING) ORB04470
R32 = DLOS(APIMDSINCING) ORBO4L480
833 = DCCS(INC) ORDO4490
I = R11YP + RI2MQ + RIIW ORBO4 500
J = R21%P + R22*Q + R23I"W ORB04510
K = R31*P + R32*Q + RIIW ORBO4LS20
RETURN ORB04S30
END ORBOAS540
ORB04S50
TS A A A A A A A A A s A e A A A A A e A e s e e A e de e i ORBO4S60
ORB04570
SUBROUTINE IJKPQW(LAN,AP,INC,I,JK,P,Q,W) ORBO458C
* THIS SUBROUTINE TRANSFORMS IJK COORDINATES TO PQW COORDINATES O:lgzzgg
ORD
DOUBLE PRECISION INC,I,J,K,P,Q,W,R11,R12,R13,R21,R22,R23, ORB04610
+ R31,R32,R33,LAN,AP ORB04620
R1l = DCOSCLAN)"DCOS(AP) - DSIN(LAN)*DSIN(AP)*DCCS(INC) ORBO04630
R21 = -DCOS(LAN)*DSIN(AP) - DSIN(LAN)*DCOS(AP)*DCOS(INC) ORBOA640
R31 = DSINCLAN)*DSIN(INC) ORBOA650
R12 = DSIN(LAN)*DCOS(AP) + DCOS(LAN)*DSIN(AP)*DCCS(INC) ORB04L660
R22 = -DSIN(LAN)"DSIN(AP) + DCOS(LAN)*DCOS(AP)*DCOS{INC) ORB04670
R32 = -LCOSCLAN)*DSIN( INC) ORBO4680
R13 = DSINCAP)*DSIN(INC) ORB04690
R23 = DCOS(AP)*DSIN(INC) ORB04700
R33 = DCOS(INC) ORB04710
P = R11*I + R12%J + R13*K ORB04720
Q = R21%1 + R22%J + R23*K ORB04730
W = R31¥] + R32%J + R3I*K ORB04740
RETURN ORB04750
END ORB04760
ORB04770
ATl e e e e A e A e VR e v s e v e v e e de e e e s s e de e de e e ORB04780
ORB04790
SUBROUTINE IJKRSW(LAN,AL,INC,I,J,K,R,S,W) ORB04800
* THIS SUBROUTINE CHANGES FROM IJK COORDINATES TO RSW COORDINATES 0R802810
ORB04820
DOUBLE PRECISION INC,I,J,K,R,S,W,R11,R12,R13,R21,R22,R23, ORB04830
+ R31,R32,R33,LAN,AL ORB0484LO
R11 = DCOS(LAN)*DCOS(AL) - DSIN(LAN)*DCOS(INC)*DSIN(AL) ORB04850
R12 = DSIN(LAN)*DCOS(AL) + DSINCAL)*DCOS(LAN)*DCOS(INC) CRB04860
R13 = DSINCINC)*DSIN(AL) ORB04870
R21 = -DCOS(LAN)*DSIN(AL)-DSIN(LAN)*DCOS(INC)*DCOS(AL) ORB04830
R22 = -DSIN(LAN)"LSIN(AL) + DCOS(LAN)*DCOS( INC)*DCOS(AL) ORB04890
R23 = DSINCINC)*DCOS(AL) ORB04900
R31 = DSIN(LAN)*DSIN(INC) ORBO491N
R32 = -DCOS(LAN)*DSINCINC) ORB0492C
R33 = DCOS{INC) ORB04930
R = R11*I + R12*J + R13"K ORB04940
S = R21*] + R22%J + R23*K ORB04950
W = R31%I 4+ R32*J + R33*K ORB04960
RETURN ORB04970
END ORB04980

M




QRB04990

TALTYS 14302 2121 3vRVE BV YTV A v s St ovaidavarareieia aid Ritie D 0 0 8 B RV 21880 TuTVETE 0 8.0 0 B13, 22373 108 NS Ly Y ORB05000

ORBOSO010

SUBRQUTINE RSWIJR(LAN,AL,INC,R,S,W,I,J,K) QORB05020

w THIS SUBROUTINE CHANGES FRCM RSW COORDINATES TO IJX COORDINATES gggggg?g
Y

DOUBLE PRECISION INC,R,S,w,I,J,K,R11,R12,R13,R21,R22,R23, ORBOS050

+ R31,R32,R33,LAN,AL ORBO5060

R11 = DCOS(LAN)*DCOS(AL) = DSINCLAN)*DCOS(INC)*DSINCAL) ORBRO5070

R21 = DSIN(LAN)*DCOS(AL) + DSIN(AL)*DCOS(LAN)Y*DCOS(INC) ORB05080

R31 = DSINCINC)*DSIN(AL) ORBO5090

R12 = ~DCOSCLAN)*DSINCAL)-DSINCLAN)*DCOS( INC)*DCOS(AL) ORB0OS5100

R22 = -DSINCLAN)*DSIN(AL) + DCOS(LAN)*DCOS(INC)*DCOS(AL) ORBOS5110

R32 = DSINCINC)*DCOS(AL) ORBO5120

R13 = DSINCLAN)*DSIN(INC) ORBOS130

R23 = -DCOSCLAN)*DSIN(ING) ORBOS140

R33 = DCOS(INC) ORBOS1S0

I = RID'YR + R12%S 4 R1iy ORB0OS160

J = R21R + R22*§ + R2v ORBOS170

R = R31'R + R32%S + R3I3"W ORB0O5180

RETURN ORBOS190

END ORB05200

ORBOS5210

Ferrirn e A vesededert el e A Aok ek Ae e e et e s de s et A e e e el e e ik e e deale e e e vl ORB0OS220

ORB05230

SUBROUTINE PQWRSW(TA,P,Q,W,R,S,WN) ORBO5240

* THIS SUBROUTINE CHANGES FROM PQW COORDINATES TO RSW COORDINATES 08305220

ORB0O5260

DOUBLE PRECISION P,Q,W,R,S,%N,R11,R12,R13,R21,R22,R23, ORB05270

+ R31,R32,R33,TA ORB05280

R11 = DCOS(TA) ORBO5290

R12 = DSIN(TA) QRB05300

Ri3 = 0.0 ORB0O5310

R2)] = -DSIN(TA) ORB05320

R22 = DCOS(TA) ORB0S5330

R23 = 0.0 CRB0S5340

R31 = 0.0 ORB05350

R32 = 0.0 ORB052360

R332 = 1.0 ORBO5370

R = RIIYP + R12%Q + R13%VW ORBOS5380

S = R2i%P + R22%:Q + R23%W ORB05390

WN = R31YP 4+ R32%Q +R33%Y ORB0O5400

RETURN ORBOS410

END ORBO5<20

ORBOS430

et irderrrdr Ao drr e Ao e e s s o e sk ot e e e e i e e Ao dede e e Aede e e ek ek Ao e et e e e de e e o ORBO544O

ORB05450

SUBROUTINE RSWPQW(TA,R,S,W,P,Q,WN) ORB05460

* THIS SUBROUTINE CHANGES FROM RSW COORDINATES TO PQW COQORDINATES ORBOS5470
ORBOS5480

DOUBLE PRECISION R,S,¥,P,Q,WN,R11,R12,R13,R21,R22,R23, ORB05490

+ R31,R32,R33,TA ORB05500

R11 = DCOS(TA) ORB05510

R21 = DPSIN(TA) ORB05520

R31 = 0.0 ORB05530

R12 = -DSIN(TA) ORB0O5540
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]22 = DLOS(TA) ORB03550

R32 = 0.0 ORB0S5560

NI = 0.0 ORB05570

R23 = 0.9 ORBO3580

R33 = 1.9 ORB053590

P = RIIR + R12%S + RIIMY ORB05600

Q = R21*R + R22"§ + R23"W (ORB05610

WN = R3LR + R3I2*S +R33*W ORB03620
RETURN ORBOS5630

END ORBO5640
ORB056350

TR AV et R A AR R A AR b A e A e A i A e e ek ORB0OS660
* STORE ELEMENTS IN ARRAYS ORB0S670
T ek e R R AR i e e e e ORB05680
ORB05690

SUBROUTINE STORE(RI,RJ,RK,R,TA,RIRAY,RJRAY,RKRAY,RARAY,TARAY,NUM, ORB0S700

+ I,AP,AINRAY,APRAY,TT,TIMRAY) ORBO5710

* THIS SUBROUTINE STORES THE POSITION AND ELEMENTS IN ARRAYS IN ORB05720
* SINGLE PRECISION FORM, FOR PLOTTING ORBO5730
ORBO5740

DOUBLE PRECISION RI,RJ,RK,R,TA,I,AP,TT ORBO3750
ORB05760

DIMENSION RIRAY(500),RJRAY(500),RKRAY(500),RARAY(S500),TARAY(500), ORBOS?770

+  AINRAY(500),APRAY(500),TIMRAY(500) ORB057380
ORB03790

RIRAY(NUM) = SNGL(RI) ORB05800
RIRAY(NUM) = SNGL(RJ) ORB05810
RKRAY(NCM) = SNGL(RK) ORB03820
RARAY(NUM) = SNGL(R) ORB05830
TARAY(NUYM) = SNGL(TA) ORRO5840
AINRAY(NUM) = SNGL(I) OR305850
APRAY(NUY) = SNGL(AP) ORB05860
TIMRAY(NUYM) = SNGL(TT) GORB0O5870
RETURN ORBU3880

END ORBO589¢C
ORB0590C0

AT R R A e AR e v st e etk A e Fe e e e ek ORB0S910
* INITIAL POSITION, VELOCITY ORB05920
Tk arirk it nrek el stk el A e e A A e Ak ORB0OS930
ORB05940

SUBROUTINZ INPUTS(RI,RJ,RK,R,VI,VJ,VK,V,MU,QUIT F1) ORB05950

v THIS SUBROUTINE GIVES THE USER A CHOICE TO EXU'Ti MTER THE CRB05960
* INITIAL POSITION AND VELOCITY VECTOR OR TO I{ .7l ~ROGRAM ORB05970
* CALCULATE THE INITIAL POSITION AND VELOCITY ...~ L"fR PROMPTED ORB05980
* INPUTS OR305990
ORB06000

* SUBROUTINES CALLED FROM THIS SUBROUTINE: ORB06010
w INELTS = Prompts USER FOR ORBITAL ELEMENTS ORB06020
* IPOS = PROMPTS USER FOR INITIAL POSITION (1JK) ORB06030
* IVEL = PROMPTS USER FOR INITIAL Velocity (IJK) ORB06040
ORB06050

DOUBLE PRECISION RI,RJ,RK,R,VI,VJ,VK,V,MU,PI QORB06060
CHARACTER™1,QUIT ORB06070
ORB06080

¥ PROMPT USER FOR METHOD TO ENTER INPUTS ORB06090
195 PRINT®,"'IN WHICH MANNER WOULD YOU LIKE TO INPUT THE INITIAL' ORB06100
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FRINT®,'POSITION AND VELOCITY OF THE SATELLITE?' ORBO6110

FRINTY,' 1: BY Inputting THE INITIAL POSITION AND VELOCITY' ORB06120

FR:.T* VECTORS IN THE PERIFOCAL CODRDINATE SYSTEM (IJXK)' ORB06130

FRINDY, 2: BY LETTING THE SATELLITE BE PLACED ON THE “I'' ORB061490

v F IVT' ANIS OF THE (IJX) SYSTEM AT A DESIRED RADIUS OF' ORB06150
PRINTY,' BERIGEE(RP) Ai.. INPUTTING EITHER A DESIRED RADIUS'ORB06160

PRINTY,' OF APOGEE(RA), A DESIRED ECCENTRICITY(E), OR THE' ORB06170

PRINT™, . DESIRED VELOCITY 4T THAT RADIUS, AND A DESIRED' ORBO6180

. P?IVT* ! :kCLIVATIOV(I) ORB06190
PQIV’" 3 It ORB06200

PRINT™, 'ENTER 1, 2 OR 3:' ORB06210

READY, ICdC ORB06220

PRI\T* ICHC ORB06230

CALL E‘C“S( CLRSCRN') ORB06240

ORBO6230

" USER INPUTS POSITION AND VELOCITY VECTURS ORB06260

IF (ICHC .Ef. 1) THEN ORB06270

CALL IPUS(RI,RJ,RK,R) CRB06280

CALL IVEL(VI,VJ,VE,V,R,HU) ORB06290

ORB06300

* USER INPUTS ORBITAL ELEMENTS TO GET POSITION AND VELOCITY ORB06310

ELSEIF (ICHC .EQ. 2) THEN ORB06320

CALL INELTS(RI, RJ RK,R,VI,VJ,VK,V,MU,PI) ORB06330

ORB06340

¥ STOP PROGRAY ORB06350

ELSEIF (ICHC EQ. 3) THEN ORB06360

QUIT = '\' ORB06370

EL3E ORB05389

PRINT, ' INVALID ENTRY! TRY AGAIN!' ORB063%0

. GOTO 195 ORB06400
ENDIF ORBO6410

RETURN ORB06420

) END ORB06430
ORB06440

E VT VR YR AT R A VAN ARV TR IV IYAVEVE BV SRR TN D2 Ty gt o1d 0 2 1R T2 0h 8 S n nigigidie 2 0 g dididiste a1l ST 0 g it fY2ia) s ORB06450

ORB06460

SUBROUTINE IFOS(RI,RJ,RK,R) ORB06470

* THIS SUBROUTINE ASKRS THE USER FOR THE INITIAL POSITION OF THE ORB06480

Al Satellite IN GEOCENTRIC-EQUATORIAL COORDINATE SYSTEM ORB06490

ORB06500

DOUBLE PRECISION RI,RJ,RK,R ORBO6510

ORB06520

CHARACTER®*1, CHOICE ORB06530

LOGICAL CORREC ORB06540

CORREC = , FALSE. ORB06550

ORB06560

* PROMPT USER FOR VEUCCITY VECTOR ORB06570

180 IF(.NOT.CORREC) THEN ORB06580

CALL EXCMS('CLRSCRN') ORB06590

PRINTY, 'E\zER RADIUS VECTOR VALUES IN "RM™' ORB06500

- PRINT®, 'RADIUS OF THE EARTH = 6400 KY' ORB06610
CORREC = .TRUE. ORB06620

PRINT*,'ENTER RI ;' ORB06630

. READ, PI ORB06640
PRIXT‘ RI = ',RI, 'Ry’ ORB06650

PRINT®,'ENTER RJ :' ORB06660
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RJ = ' RJ,
NTer, "ENTIR RY ¢
REALY, RR

FRIXT*,'RH = ' RK, 'Ry

CALCULATE TOTAL R

R = DSQRT((RI""’? + (RJ**Z) + (RK**2))

PRINT™,'R = ' R, 'RY'

I (R .LE. 6400, 0) THEN
PRIVT* "RADIUS TO SMALL!!
GOTO 180

ENDIF

CHECK WITH USER THAT Values ARE CORRECT
PRINDY, 'ARE THESE VALUES CORRECT?'
PRINTY,' ENTER "¥" OR "N" :
READY, CHOICE
CHDIC; = 'y!
PRINDY,CHOICE
IF (ChOICE EQ.'Y') THEN
CORREC = .TRUE.
ENDIF
GOTO 180
ENDIF
RETURN
END

ENTER NEW VALUES!!'
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SUBRCUTINE IVEL(VI,VJ,VK,V,R,MU)
THIS SUBROUTINE ASKS THE USER FOR THE INITIAL VELOCITY OF THE
Sz2tellite

DOUBLE PRECISION VI,VJ,VK,V,R,VCIR,VMAX,MU

CHARACTERY1, CHOICE
LOGICAL CORREC
CORREC = ,FALSE.

CALCULATE ESCAPE VELOCITY AND CIRCULAR VELOCITY AND PROMPT USER
FOR VELOCITY VECTOR
IF(. NOT. CORREC) THEN

CALL EXCMS('CLRSCRN')

VCIR = DSQRT(MU/R)

VMAX = DSQRT( (2. 0*MU)/R)

PRINT™, 'CIRCULAR VELOCITY = vcxn,'xn/ssc'

PRINTY, "MANINCM VELOCITY = ' \MAA Ky/SEC!

CORREC = . TRLE.

PRINT*,'ENTER VELOCITY VECTOR IN (KM/SEC)'

PRINT*,'ENTER VI :'
READ*, VI

PRI\T" 'VI = ',VI, KV/S‘C
PRINTY, 'ENTER VI :

READ®, VJ

ORB06670
ORB06680
0RB06690
ORB06700
CRB0O6710
ORB06720
ORB06730
ORB06740
ORP06750
ORB06760
ORB0£770
ORB06780
ORB06790
ORB06800
ORB06810
ORB06820
ORB06830
ORB06840
ORB06850
ORB06860
ORB06870
ORB06880
ORB06890
ORB06900
OREQ6910
ORB0692C
ORB06930
ORB06940
ORB06950
ORB06960
ORB06970
ORB069L0
ORB06990
ORB07000
ORB07010
ORB07020
ORB07030
ORB07040
ORB07050
ORB07060
ORB07070
ORB07080
ORB07090
ORBO7100
ORBO7110
ORB07120
ORBO7130
ORB07140
ORB07150
ORBQ7160
ORB07170
ORB07180
ORB07190
ORB07200
ORBO7210
ORB07220
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PRINTY, 'VJ = ,\J,'awlssc'
BRINDY, "ENTER VX ¢

READY®, %\

aavvr* 'vik = ' VK, 'KM/SEC!

CALCULATE TOTAL VELOCITY (V)
Vo= DSQRT((VI**Z? + (VJR2) + (VK#*R2))
PRINTY, 'Y = KM/SEC'

CHECK WITH USER THAT VALUES ARE CORRECTS
PRINTY, 'ARE THESE VALUES CORRECT?'
PRINTW,' ENTER "Y" OR "N" '
READY, CHOICE
CHOICE = 'Y’
PRINT*,CHOICE
ir (caoxca EQ.'Y') THEN
CORREC = .TRUE.
ENDIF
IF (V_.SE. VMAX) THEN

PRINT*, VELOCITY IS GREATER THAN THE ESCAPE VELOCITY!!'

PRINT*, 'RE-ENTER VELOCITY!!!'
CORREC = , FALSE.
ENDIF
GOTO 190
EXNDIF
RETURN
END

SUBROUTINE IAELTS(RI, RJ, RX, R, VI, VJ, VK, V,MU,PI)
SATELLITE PLACED OGN 'I' AYIS AﬂD USER SUPPLY ORBITAL ELEMENTS TO

GET INITIAL POSITION AND VELOCITY

ORB07230
ORB07240
ORB07250
ORB07260
ORB07270
ORB07280
ORB07290
ORB(G7300
ORBO7310
ORB07320
ORB07330
ORB07340
ORB07350
ORB07360
ORB07370
ORB07380
ORB07390
ORB07400
ORB07410
ORB07420
ORB07430
ORB07440
ORBO7450
ORB07460
ORB07470
ORB07480
ORB07490
ORB07500
ORBO7510
ORB07520
ORB07530
ORB07540
ORB07550
ORB07560

DOUBLE PRECISION RI,RJ,RK,R,VI,VJ,VK,V,MU,I,ENR,A,E,RP,RA,PI,VMAX ORB0O7570

CHARACTER")1,CHOICE
PROMPT USER FOR PERIGEE RADIUS

PRINTY, 'EWTER RADIUS OF PERIGEE(RP) IN (KM), FOR EXAMPLE: '

PRINT*, Low EARTH ORBIT (LEO), RP = 6600.0 Ky
PRINT™, GEOSY\CROU\OUS ORBIT, RP = 42241.1 KY'
PRINTY, 'ENTER RP:'

PRINTY, '"RP" MUST BE > 6400KM'

READ*, RP

PRINT*,RP

CHECK FOR VALID RADIUS

IF (RP .LT. 6400,0) THEN
PRINT*, 'YOUR "RP" IS TO SMALL!!'
GOTO 198

ENDIF

PROMPT USER FOR TYPE OF INPUT

PRINTY, 'DO YOU WANT TO ENTER THE ECCENTRICITY (E),

PRINTY, 'RADIUS OF APOGEE (R4), OR VELOCITY (V)?'
PRINT,'ENTER "E", "R", OR "V'":

ORB07580
ORB07590
QRB07600
ORB07610
ORB07620
ORB07630
ORB07640
ORB07650
ORB07660
ORBQ7670
ORB07680
ORB07690
ORB07709
ORB07710
ORB07720
ORB07730
ORB07740
ORBO7750
ORB07760
ORB07770
ORB07780
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RnaDY,CHOICE
ERIND,CHOICE .
CALL ENCHS('CLRSCRN')

ORB0?7790
ORBO7800
ORBO7810
ORB07820

USER ENTERS Eccentricity AND SEMI-MAJOR AXNIS, ENERGY AND VELOCITY ORB07830

IS CALCULATED IN THAT ORDER
If (CHOICE .EQ. 'E') THEN
PRINT*, 'ENTER ECCENTRICITY (E):'
PRINT*,'0,0 <= £ < 1.0’
READY,E
PRINTY,E

CHECK FOR VALID ECCENTRICITY

IF ((E .LT. 0.0) .OR. (E .GE. 1,0)) THEN
PRINT*,' INVALID "E"'
GOTC 198

ENDIF

& = RP/(1-E)

ENR = -MU/(2.0%A)

V = DSQRT( 2 ENR+(MU/RP)))

USER INPUTS RADIUS OF APCGEE AND ECCENTRICITY IS CALCULATED
THEN SEMI-MAJOR AXIS, ENERGY AND THEN VELOCITY.
ELSEZIF (CHOICE .EQ. ‘R') THEN
PRINT™, '"ENTER R4DIUS OF APOGEE (RA) IN KM:'
BRINTY, ""RA" MUST BE >="RP", "RP" = ' RP
BEADY, RA
PRIND,RA

CHECK FOR VALID RADIUS OF APGGEZE

IF (RA .LT. RP) THEN
PRINTY, 'YOUR "RA" IS TO SMALL!!'
GOTO 198

ENDIF

£ = (RA-RP)/(RA+RP)

4 = RP/(1-E)

ENR = =MU/(2.0%A)

V = DSQRT(2*(ENR+(MU/RP)))

USER INPUTS MAGNITUDE OF VELOCITY, PROGRAM PROVIDES CIRCULAR
AiD ESCAPE VELOCITY FOR COMPARISON AND TO CHECK FOR VALID
INPUTS
ELSEIF (CHOICE .EQ. 'V') THEN
PRINT*, '"ENTER VELOCITY IN KM/SEC:'
PRINT*, 'THE MINIMUM VELOCITY ALLOWED IS FOR A CIRCULAR CRBIT'
VCIRC = SQRT(SNGL(MU/RP))
PRINT*,'ORBIT. V(Circular) = ',6VCIRC,' KM/3'
VMAX = DSQRT(2*(MU/RP))
PRINT®, "THE MAXIMUM VELOCITY < ',VMAX,' KY/S'
READ*,V
PRINT,V
IF (V .LT. VCIRC) THEN
PRINT*, 'VELOCITY TO SMALL!'
GCTO 198
ENDIF
IF (V .GE. VMAX) THEN
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ORB07840
ORBO7850
ORBO7860
CRB0O7870
ORB0O7880
ORBO7890
ORB07900
ORB07910
ORB07920
ORBO7930
ORB07940
ORB07950
ORBEC7960
ORB07970
ORBO7980
ORB07990
ORBO80TO
ORB08010
ORBQ8020
CRB080J0
OR308040
ORBO8050
ORB08060
ORBOR070
ORBO80BO
ORB08090
ORBO8100
ORBO8110
ORBO8120
ORBO8130
ORBO8140
ORB08150
ORBO8160
ORB08170
ORB08180
ORBO8190
ORB08200
ORB08210
ORB08220
CRB08230
ORB08240
ORB08250
ORB08260
ORBU8270
ORB08280
OKB08290
ORB08300
ORB08310
ORBC8320
ORB08330
ORB08340




FRINTY, 'VELOCITY TO GREAT!!' OR308350

GJTO 168 ORB082360

ENDIT ORBOA370

ZLSE ORBO8380
PRINTY, 'INVALID ENTRY! TRY AGAIN' ORB08390

G070 198 ORB084OO

ENDIF ORBO84L10
ORB084L20

* INCLINATION NEEDED TO GIVE Velocizy A Direction ORBOA4LIO
PRINTY, 'ENTER INCLINATION {I) IN DZGREES:' ORB084L4LO
READ™, I ORBO08450
PRINTY, I ORB08460

I = (PI/180.0)%I ORBO84L70

YK = WDSINCI) ORBO84LSEO

VJ = V*DCOS(I) ORB08490

VI = 0.0 ORRO8S00
ORBO8510

* RADIUS VECTOR SET ORB08520
RI = RP ORB085130

RJ = 0,0 ORB08540

RK = 0.0 ORB085S0

R = RP ORBOAS60
RETURN ORBO8S70

END ORB0O8580
ORB08590

ettt et e de it e A e e e e e o e v Aot e e e s e e dede de e e e ik e e e ORB08600
% CALCULATE THE ORBITAL ELEMENTS ORBO8610
LR e e e e e e e e e e Ve e e Ve dr e a e Ve e e e e e e e e de e e e Pt A e e Vet e it et deardane ORB08620
ORB08630

SUBROUTINE CALCEL(RI,RJ,RK,R,VI,VJ,VK,V,EI,EJ,EK,E,A,T,LAN, ORBO8640

+ LP,TA,PER,EA,MA,AP,AL, TF,P,PI MU, MM, N, H,HI HT) ORB08650

W THHIS SUBROUTINE CALLS THE INDIVIDUAL SUBROUTINES TO CALCULATE THE ORB08660
v ORBITAL ELEMENTS ORBO8670
ORB08680

" THIS SURROUTINE CALLS THE FOLLOWING SUBROUTINES(RETURNED VALUES) ORB03690
v ENERGY = ENERGY PER MASS (ENR) ORB08700
v ANGHOM = ANGULAR MOMENTUM (H,HI,HJ,HR) ORB0&710
ve NODE = NODE VECTOR (N,NI,NJ,NK) CRB08720
v LATREC = SEMI~LATUS RECTUS (P) ORB08730
% ECC = ECCENTRICITY (E,EI,EJ,EK) ORB08740
v SHANIS = SEMI-MAJOR AXIS (A) ORB08750
W INCL = INCLINATION (I) ORB08760
ve ASNODE = LONGITUDE OF ASCENDING NODE (LAN) ORB08770
* ARP = ARGUMENT OF PERIGEE (AP) ORBO&78N
* IJKPQW = 'IJK' SYSTEM TO 'PQW' SYSTEM ORB0879%0
L TANOM = TRUE ANOMALY (TA) ORB0OS880O
W ARLAT = ARGUMENT OF LATITUDE (AL) ORB0O88&10
* LONPER = LONGITUDE OF Perigee (LP) ORB08820
¥ TLON = TRUE LONGITUDE {TL) ORB08830
l PERIOD = PERIOD (PER) ORB08840
Ll ECCAN = ECCENTRIC ANOMALY (EA) ORB08850
* MEANMO = MEAN MOTION (MM) ORB08860
* MEANAN = MEAN ANOMALY (MA) ORB08870
* TFLGHT = TIME OF FLIGHT (TF) ORB08880
ORB08890

DOUBLE PRECISION RI,RJ,RX,R,VI,VJ,VK,V,EI,EJ,EK,E,A,I,LAN,AL, ORB08§900

41




+ LT, TAPERLEA VA, AP, TE HIL HILHKGH NI, NI NN, B, P, HU ML ENK, ORB08910

+  TL,RP,RY,AW,NE,NQ, N\ CRB0S920
URB08930

CALL ENERGY(V,R,HV,ENR) CRB08940

CaLL ANGUHOMRILRI,AR,VI, VI, VX, RILHT L ERH) CRB08950

CALL NCDE(HILBEJI,NI,NJ,NRLWN) ORB08960

CALL LATREC(H,?,MU) ORB089790

CALL ECC(RI,RJ,RK,R,VI,VJ,VK,V,EI,EJ,EK,E MU) ORB08980

CALL SMAXIS(MU,ENR,A) ORBO8990

CALL INCL(HK,X,I,PI) ORB309000
ORB09010

b SPECIAL CASE IF INCLINATION = 0.0 ORB09020
IF (I.NE.0.0) THEN ORB09030

CALL ASNODE(NI,N,LAN,NJ,PI) ORBQ904O

CALL ARP(NI,NJ,N,EX,EJ,EK,E,AP,PI ,NP,NQ,LAN) ORB09050

ELSE ORB09060

LAN = 0.0 ORB09070

A2 =0.0 CRB09080

ENDIF ORB0909%0
ORB09100

w COORDINATE TRANSFORMATION OF 'R' AND 'V' VECTORS ORB09110
CALL IJKPQW(LAN,AP,I,RI,RJ,RK,RP,RQ,RW) ORR09120

CALL IJKPOW(LAN,AP,I,NI,NJ,NK,NP,NQ,\W) ORB09130

CALL TANOM(EI,EJ,EK,E,RI,RJ,RK,RP,RQ,RW,R,VI,VJ,VK,TA,PI) 82:3;{;3

v SPECIAL CASE FOR Inclination = 0.0 DRB09160
IF (I .NE. 0.0) THEN QRB09170

CALL ARLAT(NI,NJ,NK,N,RILRJ,RK,R,AL,PI,TA,AP) ORB09180

ELSE ORBO9190

AL = TA ORB09200

ENDIF ORBG9210

CALL LONPER(LAN,A?,LP) 0kB09220

CALL TLON(LAN,AP,TA,TL) ORB09230

CALL PEZRIOD(A,PER,PI,MU) ORB09240

CALL ECCAN(E,TA,EA,PI) ORB09250

CALL MEANMOCA,MM,MU) QRB09260

CALL MEANANCEA,E,MA) CRB09270

CALL TFLGHT(MM,MA,TF) ORB09280
RETURN ORB09290

EXD ORB09300
QRB09310

Vrfeseeyetevedereveredrade s T derede v er e v ve e e e e e v el ve e e e e de e e e dede e e de e e e de e Ve e e dleae ot ORB09320
ORB09330

SUBROUTINE ENERGY(V,R,MU,ENR) ORB09340

* THIS SUBROUTINE CALCULATES THE ENERGY OF THE ORBIT ORB09350
ORB09360

DOUBLE PRECISION V,R,MU,ENR ORB09370
ORB09380

ENR = ((Vie2)/2) -~ (MU/R) ORB09290
RETURN ORB09400

END ORB09410
ORB09420

B R 22 21 R R 2 R e St a S VAT IR R Rid VS 2b 2121202 0 2 2 3t gt 2 VD2l YD SR T i aTR 4 2 8 TR iaTR 212 2 212112 212 212 e} ORB0S430
ORB09440

SUBROUTINE ANGMOM(RI.RJ,RK,VI,VJ,VK,HI,HJ,HK,H) ORB09450

THIS SUEROUTINE CALCULATES THE ANGULAR MOMENTCYM ORB0S460




ORE09470
DIUBLE FRECISICN RILRJ,RK,VI,VJ,VXR,HI, 0T, HX,} CRBONLSO
ORB09490
HI = (RJ ¢ VXY - (]K & V2 ORB09500
. HJ = (RN * VIY - (K1 ©* \X) ORB0O9510
By = (RI * \J) = (RJ * VD) ORB09520
H = DSQRT((HI™Y2) + (HJw*2) + (HK**2)) ORB09530
RETURN ORB09S40
. END ORB09550
ORRO9S60
Fefeidrie Ao il e ek e e A e R e e e e A e e A e v de i e o ORB09S70
ORB09580
SUBROUTINE NODE(HI,HJ,NI,NJ,NK,N) ORB095%0
* THIS SUBROUTINE CALCULATES THE NODE VECTOR 02883228
ORB
DOUBLE PRECISION HI,HJ,NI,NJ,NK,N ORB09620
ORB09630
N = -HJ ORB09640
NJ = HI ORB09650
NS = 0,0 ORB09660
N = DSQRT((NI**2) + (NJ#**2)) ORB09670
RETURN ORB09680
END ORB09690
ORBO9%700
FnRrnta i annh ah R R R e e ek e e e de e e vt e e s e e e e A b e ORB09710
ORB09720
SUBROUTINE LATREC(H,P,MU) ORB09730
% THIS SUBROUTINE CALCULATES THE SEMI-LATUS RECTUM ORB09740
ORB0S 750
¢ DOUBLE PRECISION H,P,MU ORB09760
ORB0%770
P o= (Her2) /MU CRRNY 780
. RETURN ORB09%790
END ORB09800
ORB09810
Yedevedevedsyede Sededenere et eae Ve vedere devede e e T dede vt v e e dede v deve vt deale e Fealr e veat e e e e de e ey e ORB0%2820
ORBO9830
SUBROUTINE ECC(RI,RJ,RK,R,VI,VJ,VK,V,EI,EJ,EK,E,MU) ORB0Y840
s THIS SUBROUTINE CALCULATES THE ECCENTRICITY 0RBO9820
ORB09860
DOUBLE PRECISION RI,RJ,RK,R,VI,VJ,VK,V,EI,EJ,EK,E,NU,DOT ORB09870
OKkB09880
* CALCULATE DOT PRODUCT OF 'R' AND 'V' VECTORS ORB098950
DOT = (RI*VI) + (RJ*VJ) + (RK*VK) OR309900
EI = (1.0D400/MU) * (((V¥**2) = (MU/R)) * RI - (DOT)*VI) ORE09910
EJ = (1 OD+00/MU) ¥ (((V#*7*2) - (MU/R)) * RJ - (DOT)*VJ) ORB739920
EK = (1.0D+00/MU) * (((Vi*2) = (MU/R)) * RK - (DOT)*VK) ORB('9930
E = DSQRT((EI¥*2) + (EJ'*2) + (EK¥r2)) ORB03940
RETURN ORB09950
. END ORB09960 |
ORB09970
Ferrdedrderdednledt oo dederte dede dedede A e e dedere de dede e e e e e e e e e A e v e e s e e e de e e dede e de e e o ORB09980
ORB09290
- SUBROUTINE SMANIS(MU,ENR,A) ORB10000
* THIS SUBROUTINE Calculates THE SEMI-MAJOR AXIS ORB10010

ORB10020




CCUSLE PRECISICN NU,ENR,A

A = <0U7(2MENR
RETURN
IND
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SUBROUTINE INCL(KX,H,I,PI)
* THIS SUBROUTINE CALCULATES THE INCLINATION
w 'I' ALWAYS LESS THAN 180 DEGREES

DOUBLE PRECISION HK,H,I,PI

I = DACOS(HK/H)
RETURN
END

Fercdederal Y e ek e e srarede veo dedrdeeddedee A A A e e e e s s e e et s e e e e e et bt

SUBROUTINE ASNODE(NI,N,LAN,NJ,PI)
* THIS SUBROUTINE CALCULATES THE LONGITUDE OF THE ASCENDING NODE
* IF 'NJ' >0 THEN 'LAN' < 180 DEGREES

DOUBLE PREGISION NI,N,LAN,NJ,?PI

LAN = DATAN2(NJ,NI)

IF (LAN .LT. 0.0) THEN
LAN = (2%PI) + LAN

ENDIT

RETURN

END

Yevodederedevtesdeiidevte e d e e de et e e A e e e AR A e el

SUSROUTINE ARP(NI,NJ,N,EILEJ,EK,E,AP,PI,NP,NQ,LAN)
¥ THIS SUBROUTINE CALCULATES THE ARGUMENT OF Perigee
w IF "EX' GREATER THAN 0 THEN 'AP' < 180
W VARIABLE TEMP USED AS A Temporary VALUE FOR ARCTAN

DOUBLE PRECISION NI,NJ,N,EI,EJ,EK,E,AP,PI,NQ,NP,TEMP,LAN

IF ((EI .EQ. 0.0) .AND. (EJ .EQ. 0.0)) THEW
AP = 0.0
ELSE
TEMP = DATAN2(EJ,EI)
IF (TEMP .GT. LAN) THEN
AP = TEMP - LAN
ELSE
AP = (2%PI) - (LAN - TEMP)
ENDIF
IF ( AP .LT. 0.0) THEN
AP = (2%PI) + AP
ENDIF
IF (AP .GT. (2%PI)) THEN
AP = AP - (2%PI)
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SUSROUTINE moxcn,mszx,s.nx,m.nx,np,nq,aw,n,vr,w,vx,
+ T4 P1

*  THIS SUBROUTINE CALCULATES THE TRUE Anomaly

%  IF (R DOT V) > O THEN TA < 180 DEGREES

DOUBLE PRECISION DOT,EI,EJ,EX,E,RI,RJ,RK,R,VI,VJ,VK,TA,PI,
+ RP,RQ,AW

TA = DATAN2(RQ,RP)

IF (TA .LT7.0.0 ) THEN
TA = (2 * PI) + T4

EXDIF

RETURN

END

et i ek e i A e R R e bR

SUBROUTINE ARLAT(NI,NJ,NK,N,RY,RJ,RK,R,AL,PI,TA,AP)
w THIS SUBROUTINE CALCULATES THE ARGUMENT OF LATITUDE
* IF (RK > 0) THEN AL < 180 DEGREES
DOUBLE PRECISION NI,NJ,NK,N,RI,RJ,RY,R,AL,PI,TA,AP
AL = TA + AP
RETURAN
END
L

SUBROUTINE LONPER(LAN,AP,LP)
* THIS SUBROUTINE CALCULATES THE LONGITUDE OF PERIGEE

DOUBLE PRECISION LaN,AP,LP

LP = LAN + AP

RETURN

END
Fririchitiedeieiehirdodeiedoo ok Ao ek e o Aok ek ok A

SUBROUTINE TLON(LAN,AP,TA,TL)
* THIS SUBROUTINE CALCULATES THE TRUE LONGITUDE AT EPOCH

DOUBLE PRECISION LAN,AP,TA,TL
TL = AP + LAN + TA

RETURN
END
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SCERTING PERICD(A,PER,PILI)
THIS SUERCUTINE CALCULATES THE PEIRIOD

COUBLE PRECISION A,PER,PI,MU
2ZR = 2.0D+00%(PI)*DSQRT((AN*3)/MU)

RETURN
END
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SUBROUTINE ECCAN(E,TA,EA,?I)
THIS SUBROUTINE CALCULATES THE ECCENTRIC Anomaly

DOUSLE PRECISION E,TA,EA,PI

£EA = DACCS((E + DCOS(TA))/(1.0D+00 + E*DCOS(TA)))
IF (Ts .GT. PI) THE

EA = (2%PI) -
ENDIF
RETUAN

END

Tt nhrtnnhnh iR R iRk At ek e ik it ek A Ak e
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SUBROUTINE MEANMO(A,MM,MU)
THIS SUBRCUTINE CALCULATES THE MNEAN MOTION

DOUSLE PRECISION A,MM,MU
Mf = DSQRT(MU/(A¥®3))

RETURN
ZND
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SUBROUTINE MEANAN(EA,E,MA)
TaIS SUBROUTINE CALCULATES THE MEAN Anomaly

DOUBLE PRECISION EA,E,MA
MA = EA - E*DSIN(EA)

RETURN
END

Ferrrlerederedaiertderedrdeskdeserb et e de e fedrdr e e e e e e s e A e e dede e die e e s de v dede e

SUBROUTINE TFLGHT(MM,MA,TF)
THIS SUBROUTINE CALCULATES THE TIME OF FLIGHT

DOUBLE PRECISION MM,MA,TF
= (1/4M)%Y

1A
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SUBROUTINE UNPRET(DT,PER,AL,LAN,AP,I,RI,RJ,RK,R,
+  VI,VJ,VK, VMU, PI,Y,A,E,N,TA, P, MY, YA, EA,

+ TF,T,NUM,RIRAY ,RJRAY,RKRAY, RARAY , TARAY ,AINRAY , APRAY, TIMRAY,

+ TI)
L THIS SUBROUTINE CALCULATE THE UNPERTURBED ORBIT

w THIS SUSROUTINE CALLS THE FOLLOWING SUBROUTINES:
» NEWELT = CALCULATE NEW ELEMENTS AFTER TIME STEP
W NEWPOS = CALCULATE NEW 20SITION AFTER TIME STEP
v NEWVEL = CALCULATE NEW VELOCITY AFTER TIME STEP
w STORE = STORES POSITION IN ARRAYS

DCUBLE PRECISION T,DT,PER,AL,LAN,AP,I,RI,RJ,RK,R,VI,VJ,VK,V,

+ MU,PL,H,A,E,\N,TA, P, MY, MA EA,TF, TT
DIMENSION RARAY(500),TARAY(500),RIRAY(S00),RJRAY(500),
+ RKRAY(S500) ,AINRAY(500),APRAY(500), TIMRAY(500)

ve SET TRUE ANOMALY TO NEGATIVE SO LOOP CAN BE ENECUTED
IF (TA .GT. 6.21) THEN
Ta = TN - (29P])
ENDIF

w CONTINUE AROUND CRBIT TILL CLOSE TO PERIGEE
230 IF ((TA .LE. 6.21) .AND, (T .LE.PER)) THEN

% Incremant TRUE TIME
Tt = 17 + DT
CALL NEWELT(MM,MA,E,EA,TA,T
CALL NPOS(RI,RJ,RK,R,LAN,AP
CALL NVEL(E,P,TA,LAN,AP,I,V

¥,DT,PI,PER)
AP, I, TA,A,E)
I,VI,VJ,VK,V,MU)
* INCREMENT STEP COUNTER AND STORE VALUES
U= NUM 4+ 1
CALL STORE(RI,RJ,R¥X,R,TA,RIRAY,RJRAY,RKRAY,
+ RARAY , TARAY ,NUM, I,AP,AINRAY,APRAY,
+ TT,TIMRAY)

* INCREMENT TIME STEP COUNTER
T= T + DT
GOTO 230
ENDIF
RETURN
END

e Rk e koot dok o ok e Aok
% CALCULATz THE UNPERTURBED NEW ELEMENTS

----------------------------------
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SUBROUTINE NEWELT(MM,MA,E,EAN,TA,TF, DT, PI, PER) ORB12260

¥ THIS SUBRCUTINE CALCULATES THE Cn pc::u'bcd NEW ELEMENTS 83:{%%70
80

w THIS SUSROUTINE CALLS THE FOLLOWING SUBKOUTINES: ORB12290
it NZA = NEW ECCENTRIC ANOMALY ORB12300
v NTA = NEw TRUZ ANOMALY OR312310
ORB12320

DOUBLE PRECISION MM,MA,E,EA,TA,TF,DT,PI,PER 82:%%328

* Increment TIME OF FLIGHT AND CHECK IF TF GREATER THAN PERIOD ORB12350
Tf = TF + DT ORB12360

IF (TF .G7. PER) THEN ORB12379

TF = TF - PER ORB12380

ENDIF ORB12390
ORB12400

* CALCULATE MEAN ANOMALY AND USE TO FIND ECCENTRIC Anomaly THEN NEW ORB12410
* TRUE ANOMALY ORB12420
Ma = NMe(TF) ORB12430

CALL NEA(MA,E,EA) ORB12440

CALL NTA(EA,E,TA,PI) ORB12450
RETURN ORB12460

END ORB12470
ORB12480

Tttt el ik e e de A e e b e e e e e e e dedoe ok ORB12490
v CALCULATE PERTURBED ORBIT QRB12500
A dnnntrirtyerie i Ao A e vk dede e de v s e dede s i e el i deden e dede s o ORB12510
ORB12520

SUBROUTINE PRETUR(DT,PER,AL,LAN,AP,I,RI,RJ,RK,R, ORB12520

+ VI,VJ,VK,V,FR,FS,FW,MU,PIH,A,E,N,TA,P, MY, HA,ZA, ORB12540

+ TF,T,NUM,RIRAY,RJRAY,RKRAY,RARAY,TARAY ,AINRAY,APRAY,TIMRAY, ORB12530
+ TT,TFEA,TFSU,TFMO,TFDRA,TDI,TDA,TDE,TDMM,TDMA,TDLAN, TDH,TDAP) ORB12560

i THIS SUBROUTINE CALCULATES THE PERTURBED ORBIT. ORB12570
ORB12580

W THIS SUBROUTINE CALLS THE FOLLOWING SUBROUTINCS: ORB12590
w TFORCE = CALCULATE THE TOTAL PERTURBING FORCE ON THE SATELLITE ORB12600
i PNEWEL = CALCULATE THE Perturbed NEW ELEMENTS ORB12616
W NPOS = NEW POSITION AFTER TIME STEP ORB12620
¥ NVEL = NEW VELOCITY AFTER TIME STEP ORB12630
v PERIOD = PERIOD OF PERTURBED ORBIT ORB12640
ki STORE = STORE POSITION AND ELEMENTS IN ARRAYS FOR PLOTTING ORB12650
OR312660

DOUBLE PRECISION T,DT,PER,AL,LAN,AP,I,RI,RJ,RK,R,VI,VJ,VK,V, ORB12670

+ FR,FS,Fw,MU,PI,H,A,E,N,TA,P MM, MA EA, TF, TT, ORB12680

+ DI,DA,DE,DMM,DMA,DLAN,DH,DAP,EI,EJ,EK,HI ,HJ,LP N, ORB12690

+ DVR,DVS,DVW,DVI,DVJ,DVK ORB12700
ORB12710

DIMENSION RARAY(500),TARAY(500),RIRAY(500),RJRAY(500), ORB12720

+ RKRAY(500) ,AINRAY(500) ,APRAY(500) ,TIMRAY(500) ORB12730
ORB12740

* SET MEAN RADIUS OF EARTH ORB12750
RE = 6400.0 ORB12760
ORB12770

DT = PER/50 ORB12780
T=DT ORB12790

IF (TA .GT. 6.21) THEN ORB12800

TA = TA - (2%PI) ORB12810
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INDIF ORB12820
IF (77 .68, PESY THEYW ORB12830
TP = TF - FEF CRB12840
INDIF ORB12850
CRB12860
i CONTINUE Around ORBIT FOR ONE FERIQD ORB12870
240 IF ((TF .LT., PER) .AND. (T .LT. PER)) THEN ORB12880
ORB12890
W INCREMENT TRUE TIME ORB12900
TT = TT + DT ORB12910
CALL TFORCE(AL,LAN,AP,I,RI,RJ,RK,R,VI,VJ,VK,V, ORB12920
+ TT,FR,FS,FW,HU,PI, ORB12930
+ FEA,FSU,FMO,FDRA,FOR, ORD12940
+ El,EJ,EK,E,A,T,LP,TA,PER,EA,MA,TF, P, ORB12950
+ MM, N, H,HILHJ,DT) ORB12960
CALL PNEWEL(FR,F5,FW,H.R,A,E,,TA,DT,I,LAN,AL, ORB12970
+ AP,P,MM,MA,EA,TF,T,MU,PI, ORB12980
+ DI,DA,DE,DMM,DMA,DLAN,DH,DAP)Y ORB12990
CALL NPOS(RI,RJ,RK,R,LAN,AP,I, TA,A,E) ORB13000
CALL NVEL{E,P,TA,LAN,AP,I,VI,VJ,VK,V,N0) 823133;3
B
" CALCULATE NEW PERIOD AND RESET TIME STEP AND TIME COUNTER ORB13030
» IF NOT AT END OF ORBIT ORB13040
IF (T .LY. (PER-DT)) THEN ORB13059
CALL PERIOD(A,PER,PI,NU) ORE13060
OT = PER/50 ORB13070
T = TF ORB13080
ENDIF GRB13090
ORB13100
e INCREMENT STEP COUNTER ) CRB13110
NUM = NUM + 1 ORB13120
241 CALL STORE(RI,RJ,R¥,R,TA,RIRAY,RJRAY,RKRAY, ORB13130
+ RARAY,TARAY,NUM, I,AP,AINRAY,APRAY, ORB13i40
+ TT, TIMRAY) ORB13150
CRB1316¢
W TOTAL ELEMENT CHANGES ORB13170
TDI = TDI + SNGL(ABS(DI)) ORB13180
TDA = TDA + SNGL(ABS(DA)) GRB13190
TDE = TDE + SNGL(ABS(DE)) ORB13200
TDMM = TDMM + SNGL(ABS(DMM)) ORB13210
TDMA = TDMA + SNGL{ABS(DMA)) ORB33220
TDLAN = TDLAN + SNGL(ABS(DLAN)) ORB13230
TDH = TDH + SNGL(ABS(DH)' ORB13240
TDAP = TDAP + SNGL(ABS(DAP)) ORB13250
TFEA = TFEA + FEA ORB13260
TFSU = TFSU + FSU ORB13270
TFMO = TFMO + FMO ORB13280
TFDRA = TFDRA + FDRA ORB13290
ORB13390
i CHECK FOR IMPACT ORB13310
IF (R .LE. RE) THEN ORB13320
PRINTY:, 'SATELLITE WILL IMPACT THE EARTH!!' ORB13330
T = PER ORB13340
ENDIF ORB13350
ORB13360
¥ INCREMENT TINE COUNTER CRB13370

49




T=T+ DT
GOTO 240
INDIT
RETURN
EXD
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% CALCULATE THE PERTURBING FORCES
b T S

SUBROUTINE TFORCE(AL,LAN,AP,I,RI,RJ,RK,R,VI,VJ,VK,V,TT,
+ FR,FS,FW,MU,PI,FEA,FSU,FMO,FDRA,FOR,
+ £l,EJ,EK,E,A,T,LP,TA,PER,EA MA, TF, P,
+ MM, N, H,HI,HJ,DT)
* THIS SUBROUTINE SUMS ALL THE PERTURBING FORCES FOR THE TOTAL
w PERTURBING FORCE.

" THE FOLLOWING SUBROUTINES WERE CALLED:

* OBERT = OBLATENESS OF THE EARTH

* FSUN = GRAVITATIONAL Acttraction OF THE SUN
* FHMOON = GRAVITATIONAL Attraction OF THE MOON
hd FDRAG = DRAG FORCES

DOUBLE PRECISION FER,FES,FEW,FSR,FSS,FSW,FMR,FMS,FMW, MU,PI,
+  FDR,FDS,FDW,FR,FS,FW,RI,RJ,RK,R,AL,I,TT,LAN,AP, VI, VI, VK,V,
+ El,EJ,EK,E,A,T,LP,TA,PER,EA,MA, TF, P,

+ MM,N,H,KI,HJ,DT

CALL OBEART(RI,RJ,RK,R,AL,I,FER,FES,FEW,MU)

CALL FSUN(TT,RI,RJ,RK,R,FSR,FSS,FSW,PI)

CALL FMOON(TT,RI,RJ,RK,R,FMR T™S,F\W,PI)

CALL FDRAG(RI,RJ,RK,R,VI,VJ .+ 7,LAN,AP,I,FDR,EDS,FDW,

+ £1,EJ,EK,E  i,LP,TA,PER,EA,MA,AL,TF,P,PI,NU,
+ MM,N,H,HI,HJ,DT)

v SUM VECTOR FORCES
FR = FER + FSR + FMR + FDR
FS = FES + FSS + FMS + FDS
FW = FEW + FSW + FMW + FDW

* CALCULATE TOTAL FORCE FROM EACH, AND TOTAL OF ALL
FEA = SNGL{SQRT((FER"*2)+(FES™"*2)+(FEW™Y¥2)))
FSU = SNGL(SQRT( (FSR**2)4+(FSS**2)+(FSWi*2)))
FMO = SNGL(SQGRT((FMR¥**2)+(FMS*¥2)+(FMW**2)))
FDRA = SNGL(SQRT( (FDR*%*2)+(FD5**2)+(FDW#*¥2)))
FOR = SNGL(SQRT((FR**2)+(FS*¥*2)+(FWi*2)))

RETURN
END
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SUBROUTINE OBEART(RI,RJ,RK,R,AL,I,FER,FES,FEW,NU)
* THIS SUBROUTINE CALCULATES THE PERTURBING TORCE DUE TO THE
i GBLIQUENESS OF THE EARTH.

ORB13380
ORB13390
ORB13400
ORB13410
ORB13420
ORB13430
ORB13440
ORB13450
ORB13460
ORB13470
ORB13480
ORB13490
ORB13500
ORB13510
ORB13520
ORB13530
ORB13540
ORB13550
ORB123560
ORB13570
ORB13580
ORB13590
ORB13600
ORB13610
ORB13620
ORB13630
ORB13640
CRB13650
ORB13660
ORB13670
ORB13680
ORB13690
ORB13700
ORB13710
ORB13720
ORB13730
ORB13740
ORB13750
ORB13760
ORB13770
ORB13780
ORB13790
ORB13800
ORB13810
ORB13820
ORB13830
ORB13840
ORB13850
ORB13860
ORB13870
ORB13880
CRB13890
ORB13900
ORB13910
ORB13920
ORB13930




DOUELE PRECISION J2,RE,FER,FES,FEW,RI,RJ,RX,R,AL,I,NU, O0RB13940

GRB13950

J3 = 1, 582384D-us ORB13960

3L = §,37520+903 ORB13970

ORB13980

FER = ((-3. OD+00NNUNI2¥(REM*2)) /(2. OB+00(Rr4) ) ) ORB13990

+ (1,0D+#00 - (3.0D+00% ((DSINCI))®*2) % ((DSINCAL))**2))) ORB14000

FES = ( (-3, OD+00"MUNI2%(RE**2)) /(R4 ) e ORB14010

+ CC(DSINCI))¥or2)r (DSINCAL))*(DCOS(AL))) ORB14020

FEW = ((=3. 0D+00%MUNJ2*( REW®Y2)) /(Rinv4) )oe ORB14030

+ (DSINCI)*DCOS(I)*DSINCAL)) ORB14040

RETURN ORB14050

END ORB14060

ORB14070

TR e e e e e e et sk A sk e s e atr e e s e e s e v e e v e e e e e A e e e ORB14080

CRB14090

SUBROUTINE FSUN(TT,RI,RJ,RK,R,FSR,FSS,FSW,PI) ORB14100

W THIS SUBROUTINE CALCULATES THE PERTURBING FORCE DUE TO THE SUN ongx:i;g
ORB1

v THE FOLLGWING SUBROUTINES ARE CALLED: ORB14130

w SUNPOS = SUNS POSITION ORBITING AROUND EARTH ORB14140

W HEVBOD = PERTURRING FORCE FROM A Heavenly BODY ORB14150

ORB14160

DOUBLE PRECISION FSR,FSS,FSW,PI, ORB14170

+  RSI,RSJ,RSK,SLAN,SI,SAL,SMU,TT,RI,RJ,RK,R,RS 82312“8

1419

¥ SUNS GRAVITATIONAL PARAMETER ORB14200

SMU = 1,3271544D+11 ORB14210

CALL SUNPOS!{TT,RSI,RSJ,RSK,RS,SLAN,SI,SAL,PI) ORB14220

CALL HEVBOD(RI,RJ,RK,R,RSI,RSJ,RSK,RS,SLAN,SAL,SI,SMU,FSR,FSS,FSW)ORB14230

RETURN ORB14240

END ORB14250

ORB14260

LT Y Ve Y e e e e e e s vy P st e T a e e deve e e v e e T el e e e e o e e e e e e e Ve e e der ek e ORB14270

ORB14280

SUBROUTINE FMOON(TT,RI,RJ,RK,R,FMR,FMS,F\MW,PI) ORB14290

¥ THIS SUBROUTINE CALCULATES THE PERTURBING FORCE DUE TO The MOON ORB14300

ORB14310

¥ THE FOLLOWING SUBROUTINE ARE CALLED: ORB14320

¥e MONPOS = MOONS POSITION ORBITING AROUND THE EARTH ORB14330

¥ HEVBOD = PERTURBING FORCE FROM A HEAVENLY BODY ORB14340

ORB14350

DOUBLE PRECISION FMR,FMS,FMW,RMI,RMJ,RMK,MLAN,MI,MAL,MMU, ORB14360

+ TT,RI,RJ,RK,R,RM,PI ORB14370

ORB14380

¥ MOONS GRAVITATIONAL PARAMETER ORB14390

MMU = &, 90287D+03 ORB14400

ORB14410

CALL MONPOS(TT,RMI,RMJ,RMK,RM,MLAN,MI,MAL,PI) ORB14420

CALL HEVBOD(RI,RJ,RK,R,RMI,RMJ,RNK,R,MLAN,MAL,MI,MMU,FMR,FMS, FMW)ORB14430

RETURN ORB14440

END ORB14450

ORB14460

Tedededeveseve s dedese e de et e et de dode dev e e e e Yo dede e e e e et et e e e e Ye Ve e e v e A e e e e fe e e de e et ORB 1 4470

ORB14480

SUBROUTINE HEVBOD(RI,RJ,RK,R,RPI,RPJ,RPK,RP,LAN,AL,INC,MUP, ORB14490
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+ THR,FHS,FliW)
THIS SUBROUTINE CALCULATES THE PERTURBING FORCE DUE TO A
HEAVENLY B00OY.

THZ FOLLCWING SUSROUTINE WAS CALLED:
IJRRSW = 'IJR' SYSTEM TO THE 'RSW' SYSTEM

DOUBLE PRECISION DOT,FHI,FHJ,FHK,RI,RJ,RK,R,RPI,RPJ,RPK,RP,

+  LaN,AL,INC,MUP,I,J,K,IP,JP,KP,H,FHR,FHS,FRW

ORB14500
ORB14510
ORB14520
ORB14530
ORB14540
ORB14550
ORB14560
OKB14570
ORB14580
ORB14590

CALCULATE UNIT VECTOR FOR SATELLITE AND PERTURBING BODIES POSITIONORB14600

I = RI/R
J = RJ/R
K = RX/R
IP = RPI/RP
JP = RPJ/RP
KP = RPK/RP

CALCULATE DOT PRODUCT OF UNIT VECTORS
DOT = (( I*IP )+( J*JP )+( K*KP ))

CALCULATE FORCES IN THE 'IJK' SYSTEM

FHI = (MUP/(RP**2))*(K/RP)*(3, OD+00*DOT*( IP)~(
FHJ = (MUP/(RP¥¥*2))*(R/RP)"(3. OD+00*DOT*(JP) -(
FHR = (MUP/(RP**2))*(R/RP)*(3. OD+00*DOT*(KP) (K

Transform FORCES TO THE RSW SYSTEM
CALL IJXRSW(LAN,AL,INC,FHI,FRJ,FHK,FHR,FHS,FiW)
RETURN

END

)
)}
))
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SUBROUTINE SUNPOS(TT.RSI,RSJ,RSK,RS,SLAN,SI,SAL,PI)
THiS SUBROUTINE CALCULATES THE SUNS POSITION

VARIABLES USED TO DESCRIBE THE SUNS ORBIT:
SI = SUNS INCLINATION

SLAN= SUNS Longitude OF ASCENDING NODE
SAP = SUNS ARGUMENT OF PERIGEE

RS = SUNS ORBITAL RADIUS
STA = SUNS TRUE ANOMALY
SAL = SUNS ARGUMENT OF LONGITUDE

DOUBLE PRECISION SLAN,SI,SAL,RS,STA,SAP,TT,RSI,RSK,
+ RSJ,RSP,RSQ,RSW,PI

SI = 4,09279709D-01

SLAN = 0.0D+00

SAP = 0.0D+00

RS = 1,4959965D+08

STA = ((2.0*PI)/(365.0 * 86400,0) * TT)
SAL = STA + SAP

CALCULATE SUNS POSITION IN 'PQW' SYSTEM
RSP = RS*DCOS(STA) -

ORB14610
ORB14620
ORB14630
ORB14640
ORB14650
ORB14660
ORB14670
ORB14680
ORB14690
ORB14700
ORB14710
ORB14720
ORB14730
ORB14740
ORB14750
ORB14760
ORB14770
ORB14780
ORB14790
ORB14800
ORB14810
ORB14820
ORB14830
ORB14840
ORB14850
ORB14860
ORB14870
ORB14830
ORB14890
ORB14900
ORB14910
ORB14920
ORB14930
ORR14940
ORB14250
ORB14950
ORB14970
ORB14980
ORB14990
ORB15000
ORB15010
ORB15020
ORB15030
ORB15040
ORB15050




RSQ = RS*DSIN(STA)
RSK = 0.0D+00

TRANSFORM POSITION TO 'IJX' SYSTEY
CALL PQWIJR(SLAN,SAP,SI,RSP,RSQ,RSW,RSI,RSJ,RSK)
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SUBROUTINE MONPOS(TT,RMI,R¥J,RMK,RM,MLAN,MI,MAL,PI)
THIS SUBROUTINE CALCULATES THE MOONS PCSITION

VARIABLES USED TO DESCRIBE THE SUNS ORBIT:
MI = MOONS INCLINATION

MLAN= MOONS Longitude OF ASCENDING NODE
MAP = MOONS ARGUMENT OF PERIGEE

Ry = MOONS ORBITAL RADIUS

¥TA = MCONS TRUE ANOMALY

MAL = MOONS ARGUMENT OF LONGITUDE

DOUBLE PRECISION ¢ MLAN,MAL,RM,TM,MTA,RMP,RMQ,RMW,

+ RMI,RMJ,RMK, . ..,PI

MI = 4,99164166D-01

RY = 3, 844D+05

MLAN = 0.0

MTA = ((2.0%P1)/(27.3 * 3600) * TT)
MAP = 0, 0D+00

MAL = MTA

CALCULATE MOON POSITION IN 'PQw' SYSTEM
RMP = RM*DCOS(MTA)

RMQ = RM*DSIN(MTA)

RMW = O

TRANSFORM POSITION TO 'IJK' SYSTEM

CALL PQWIJK(MLAN,MAP,MI,RMP,RMQ,RMW,RMI,RMJ,RMK)
RETURN

END

SelrrieddriedederieTnle et e e dede e e de e de e dedede e e e dede e de e de i dede e e ke A ik de o

SUBROUTINE FDRAG(RI,RJ,RK,R,VI,VJ,VK,V,LAN,AP,I,FDR,FDS,FDW,

+ EI,EJ,EK,E,A,T,LP,TA,PER,EA,MA,AL, TF, P, PI,NU,
+ MM,N,H,HI,HJ,DT)

THIS SUBROUTINE CALCULATES THE PERTURBING FORCE DUE TO DRAG

THE FOLLOWING VARIABLES ARE USED TO MODEL THE ATMOSPHERE:
RE = RADIUS OF EARTH
M MASS OF SATELLITE

AR = FRONTAL SURFACE AREA OF SATELLITE
Z = ALTITUDE OF SATELLITE

K = EXPONENTIAL DECAY FACTOR

DENO = NORMAL DENSITY

Co COEFFICIENT OF DRAG

o
s

ORB15060
ORB15070
ORB15080
ORB1509C
ORB15100
ORB15110
ORB15120
ORB15130
ORB15140
ORB15150
ORB15160
ORB15170
ORB15180
ORB15190
ORB15200
ORB15210
ORB15220
ORB15230
ORB15240
OKB15250
ORB15260
ORB15270
ORJ13280
ORB15290
ORB15300
ORB15310
ORB15320
ORB15330
ORB15340
ORB15350
ORB15360
ORB15370
ORB15380
ORB15390
ORB15400
ORB15410
ORB1X420
ORB15430
ORB15440
CRB15450
ORB15460
ORB15470
ORB15480
ORB15490
ORB15500
ORB15510
ORB15520
ORB15530
URB15540
ORB15550
ORB15560
ORB15570
ORB15580
ORB15590
ORB15600
ORB15610
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DOUSLE PRECISION MaAG,M.K,FDR,FDS,FDW,RE,AR,Z,DENO,CD,DEN.
+ ¥DJ,FDX,FDI,RI,RJ,RN,VI,VJ, VR, V,LAN, AP, IR,
+ tl,tJ.EX,E,A,T,LP,TA,PER,EA,MA,AL,TF, P, PI, MU,

+ W, N, i, HIL#J,DT,DVR,DVS, D\W, DVI, DV'J, DVR

RE = 6,378145D+03
¥ = 1,0D+02

AR = 2,0D+01
Z2=R - R&

DEPENDING ON ALTITUDE SET ATMOSPHERE VARIABLES
I7 (2.LE.1.5D+02) THEN
K = 4, 74D-02
DENO = 1,225D+00
CD = 1, 0D+00
ELSEIF (Z.LE.S.5D+02) THEN
K = 3,4614D-02
DIENO = ], 79846D-01
CD = 2.0D+00
ELSE
K = 2,21698D-3
DENO = 1,015484D-07
CDh = 2,0D+00
ENDIF

CALCULATE ATMOSPHERIC DENSITY
DEN = DENO ¥ DENP(-K%2)

CALCULATE MAGNITUDE OF DRAG FORCE AND LIMIT IT TO 1.0E-20
MAG = ~(0.5D+00)*CD*AR®DEN*V*(1. 0D-03) /M
I7 (ABS(MAG) .LT. 1.0D-20) THEN
MAG = -1,0D-20
ENDIF

GIVE DRAG FORCE A Direction OF MINUS THE VELOCITY
FDR = 0.0

FDS = NaG * V

FDw = 0.0

RETURN

END

ikt a i dee vtk dedn it e e ik A bbb ok e

% CALCULATE PERTURBED NEW ELEMENTS
A

SUBROUTINE PNEWEL(FR,FS,FW,H,R,A,E,N,TA,DT,I,LAN,AL,AP,P,
+  MM,MA,EA,TF,T,NU,PI,DI,DA,DE,DMM,DMA,DLAN,DH,DAP)

THIS SUBROUTINE CALCULATES THE NEW ELEMENTS FROM THE PREVIOUS

ELEMENTS ADDED TO THE RATES OF CHANGE FOR ONE STEP
THE FOLLOWING SUBROUTINES ARE CALLED:

RATE = CALCULATES RATES OF CHANGE OF ORBITAL ELEMENTS
NANGMO = NEW ANGULAR MOMENTUM (NEWH)
NSita = NEW SENI-MAJOR AXIS (NEWA)

NIGC

NEW ECCENTRICITY (NEWE)

ORB15620
ORB156230
ORB15640
ORB15650
ORB135660
ORB15670
ORB15680
ORB15690
ORB15700
ORB15710
ORB15720
ORB15730
ORB15740
ORB1S§750
ORB15760
ORB15770
ORB15780
ORB15790
ORB15800
ORB15810
ORB15820
ORB15830
ORB15840
ORB15850
ORB15860
ORB15870
ORB15880
ORB15890
ORB15900
ORB15910
ORB15920
ORB15930
ORB15940
ORB15950
ORB15960
ORB15970
ORB15980
ORB15990
ORB16000
ORB16010
CRB16020
ORB16030
ORB16040
ORB16050
ORB16060
ORB16070
ORB16080
ORB16090
ORB16100
ORB16110
ORB16120
ORB16130
ORB16140
ORB16150
ORB16160
ORB16170




hd NINCL = NEW INCLINATION (NEWI) ORB16180

v NASNCD = NEW LONGITUDE OF ASCENDING NODE (NEWLAN) ORB16190

v SARPIR = NEW ARGUMENT OF PERIGEE ( NEWAD) ORB16200

R NUNMO = NEW MEAN MOTION (NEWMYM) ORB16210

. v MEANMD = NEAN MOTION (M) ORB16220
o NAN = NEW MEAN ANOMALY (NEWMA) ORB16230

* NEA = NEWw ECCENTRIC ANOMALY (EA) ORB16240

* NTA = NEW TRUE ANOMALY (TA) ORB16250

. b TFLGHT = TIME OF FLIGHT (TF) ORB16260
| ORB16270
| DOUBLE PRECISION FR,FS,FW,DMM,H,R,A,E,N,TA,DT,I,LAN,AL,AP,P, ORB16280
+  MM,MA,EA,TF,T,MU,PI,DA,DH,DE,DI,DLAN,DAP,DMA, ORB16290

+  NEWH,NEWA,NEWE ,NEWI ,NEWLAN,NEWAP ,NEWMNM 8::}:3?8

» INCREMENT TIME OF FLIGHT BY ONE TIME STEP AND CALCULATE RATES ORB16320

TF = TF + DT ORB16330

CALL RATES(DH,DA,DE,DI,DLAN,DAP,DMM,DMA,E ,MM,R,A,FR,FS,FW, ORB16340

T4, AL H P, T MULI) ORB16350

ORB16360

* CALCULATE NEW ELEMENTS ORB16370

CALL NANGMO(H,DT,DH,NEWK) ORB16380

CALL NSMA(A,DT,DA,NEWA) ORB16390

CALL NECC(E,DT,DE,NEWE) ORB16400

CALL NINCL(I,DT,DI,NEWI) ORB16410

CALL NASNOD(LAN,DT,DLAN,NEWLAN) ORB16420

CALL NARPER(AP,DT,DAP,NEWAP) ORB16430

NRB16440O

v SET ELEMENTS TO NEW ELEMENTS ORB164S5S0

A = NEWA ORB16460

* E = NEWE ORB14470
I = NEWI ORB16480

LAN = NEWLAN ORB16490

. AP = NEWAP ORB16500
P= A (1« Enrd) ORB16510

ORB16520

it MOVE THE SATELLITE ONE TIME STEP ORB16530

CALL MEANMO(A,MM,NU) ORB16540

CALL NMNAN(MA,MM,DT,TF,DMA,PI) ORB16550

CALL NEAQMA,E,EA) ORB16360

CALL NTACEA,E,TA,PI) ORB16570

CALL TFLGHT(MM,MA,TF) ORB16580

AL = TA + AP ORB16590

RETURN ORB16600

END ORB16610

ORB16620

Yerefededed’e e ve Ve st o e e ede e e de e de e e e dede e e A Ar i e e e e de e e de e de v e e e e de e e e ek ORB16630

% CALCULATE THc RATES OF CHANGE OF THE ORBITAL Elements ORB16640

Tedede e e e e et e e e e Y e e e e Ve de e e e e e e A e e e b e Y e A e e e Ao ORB16650

ORB16660

SUBROUTINE RATES(DH,DA,DE,DI,DLAN,DAP,DMM,DMA,E,MM,R,A,FR,FS,FW, ORB16670

- + Ta,AL,H,P,T,NU,I) ORB16680
i THIS SUBROUTINE Calls THE FOLLOWING SUBROUTINES TO CALCULATE THE ORB16690

¥ TIME RATE-OF- CHANGE OF THE ORBITAL ELEMENTS: ORB16700

. v RSHMAX = RATE-Or-CHANGE OF THE SEMI-MAJOR AXIS (DA) ORB16710
¥ REC = RATE-OQF-CHANGE OF THE ECCENTRICITY (DE) ORB16720

o RINC = RaTE-CF-CHANGE OF THE INCLINATION (DI) ORB16730

35




* RLAN = ?g{i;g?-CHANGS OF THE Longitude OF THE ASCENDING NODE
" hY

ve AP = RATE-0F-CHANGE OF THE ARGUMENT OF PERIGEE (DAP)

v ol = RATE-OF-Change OF THE MEAN MOTION (DMM)

v RiA = JATE-OF-CHANGE OF THE MEAN ANOMALY (DMA)

" RANGMO = RATE-QF-CHANGE OF THE ANGULAR MOMENTUM (DH)

DOUBLE PRECISION DH,DA,DE,DI,DLAN,DAP,DMM,DMA,E,MM,R,A,FR,FS,FVW,
+ TA,AL,K,P,T,MU,I

CALL RSMAN(E,MM,R,A,TK,FS,DA,TA)

CALL RECC(E,MM, R A R,FS,T DE)

CALL RINC(E,M R,A,FH,AL,DI)

CALL RLAN(E,MM,R,A,I,FW,AL,DLAN)

CALL RAP(E, Mﬂ R yA,I,H,P,AL, TA,FR,FS,FW,DAP) )
CALL Rﬂﬁ(ﬂﬂ,A,D M,DA,HU)

CALL RMA(E,MM,R,A,TA,DMM,FR,FS,DMA,T)

CALL RA&GWQ(Q FS,FW,DK)

RETURN

END

Attt R R R e iAo e A e e e A A e Ao e ok

SUSBROUTINE RANGMO(R,FS,Fw,DH)
b THIS SUBROUTINE CALCULATES THE RATE OF CHANGE OF THE
w ANGULAR MOMENTUM

DOUBLZ PRECISION FS,FW,DHW,DHS,DH,R

DY = R ¥ FS

DHS = R ¥ FW

Dii = DSQRT((DHWi*2) + (DHS*%2))
RETURN

END

Tedefetrledn et e e e e e e R e e e A e o ek Aok

SUBROUTINE RSMAX(E,MM,R,A,FR,FS,DA,TA)
B THIS SUBROUTINEZ CALCULATES THE RATE OF CHANGE OF THE SEMI-MAJOR
R AXIS

DOUBLE PRECISION DA,FR,FS,E,MM,R,A,TA,ET

T TRAP (E) SO DENOMINATOR DOES NOT GOTO ZERO
IF (E.GT.0.9) THEN
ET = 0.9
ELSE
ET = E
ENDIF
DA = ((2.0D+00*E *DSIN(TA))/(MM *DSQRT(1. 0D+00-(ET**2))))*FR +
+  ((2.0D+00*A*DSQRT(1. OD+00-(E #**2)))/(MM *R))*FS
RETURN
END

eVl e e e e e e e e e e e s e e ek e et et e e e Tk ettt

ORB16740
ORB16750
ORB16760
ORB16770
ORB16780
ORB16790
ORB16800
ORB16810
ORB16820
ORB16830
ORB16840
ORB16850
ORB16360
ORB16870
ORB16830
ORB16890
ORB16900
ORB16910
ORB16920
ORB16930
ORB16940
ORB16950
ORB16960
ORB16970
ORB16980
ORB16990
ORB17000
ORB17010
ORB17020
ORB17030
ORB17040
ORB17050
ORB17060
ORB17070
ORB17080
ORB17090
ORB17100
ORB17110
ORB17120
ORB17130
ORB17140
ORB17150
ORB17160
ORB17170
ORB17180
ORB17190
ORB17200
ORB17210
ORB17220
ORB17230
ORB17240
ORB17250
ORB17260
ORB17270
ORB17280
ORB17290




Vvt

+  ((AW2)%(1,0D+00 - (E **

SUBROUTINE RECC(E,MM,R,A,FR,FS,TA,DE)

ORB17300

THIS SUBROUTINE CALCULATES THE RATE OF CHANGE OF THE ECCENTRICITY ORB17310

DOUSLE PRECISION DE,FR,FS,E,!M,R,A,TA,ET

TRAP (E) SO DENOMINATOR DOES NOT GOTO ZERO
IF (E.LT.0.1) THEN
ET = 0.1
ELSE
ET=E
ENDIF

DE = ((DSQRT(1.0D+00 - (E *SIN(TA) )/ (MY *A))*FR +

**2
+  ((DSQRT(1.0D+00 - (E *wzgggzgnn RETR( AWR2) ) o

R) = (R))*FS
RETURN
END

TR R R R AR R e ke R ROk

SUBROUTINE RLANCE,MM,R,A,I,FW,AL,DLAN)

THIS SUBROUTINE CALCULATES THE RATE OF CHANGE OF THE LONGITUDE
OF THE ASCENDING NODE

DOUSLE PRECISION DLAN,FW,E,MM,R,A,I,AL,ET,IT

TRAP (E) AND (I) SO DENOMINATOR DOES NOT GOTO ZERO
IF (E.GT.0.9) THEN

5) THEN

ENDIF
DLAN = (RnFW*DSIN(AL))/ (MM *(A%*2)*DSQRT(1.0D+00 = (ETW#*2))*

+ DSINCIT))

RETURN
END

Y draiir e el e ook e e A v A e dedede e v e A dedei e e deire i
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SUBROUTINE RAP(E,MM,R,A,I,H,P,AL,TA,FR,FS,FW,DAP)
THIS SUBROUTINE CALCULATES THE RATEZ OF CHANGE OF THE ARGUMENT
OF PERIGEE

DOUBLEAPRSCISION DAPR,DAPS ,DAPW,DAP,FR,FS,FW,E,¥M,R,I,H,P,AL,TA,
+ ET,A,IT

TRAP (E) AND (I) SO DENOMINATOR DOES NOT GOTO ZERO
If (I.LT.0.01745) THEN

IT = 0.01745
ELSE

iT=1
ENDIF

L’ )
-}

ORB17320
ORB17330
ORB17340
ORB17350
ORB17360
ORB17370
ORB17380
ORB17390
ORB17400
ORB17410
ORB17420
ORB17430
ORB17440
ORB17420
ORB17460
ORB17470
ORB17480
ORB17490
ORB17500
ORB17510
ORB17520
ORB17530
ORB17540
ORB17550
ORB17560
ORB17570
OR417580
ORB17590
ORB17600
ORB17610
ORB17620
ORB17630
ORB17640
ORB17650
ORB17660
ORB17670
ORB17680
ORB176%0
ORB177¢G0
ORB17710
ORB17720
ORB17730
ORB17740
ORB17750
ORB17760C
ORB17770
ORB17780
ORB17790
ORB17800
ORB17810
ORB17820
ORB17830
ORB17840
ORB17850




IF (E.GT.0.9) THEN ORB17860
£ET = 0.9 ORB17870
ELSEIF (E.LT.0.1) THEN ORB17880
eT = 0.1 ORB17890
ELSY ORB17900 .
tT = E ORB17910
ENDIF ORB17920
DAPR = (-DSQRT(1.0400 - (E **2))*DCOS(TA))/(MM *A%ET) * FR ORB17930
DAPS = (P/(ET*H))*(DSIN(TA))* ORB17940 .
+ (1.0D+00 + 1.0D+00/(1,0D+00 + ETDCOS(TA))) *FS ORB17950
DAPW = (-R*(1, 0D+00/DTAN(IT))*DSIN{AL))/ ORB17960°
+ (MM F(A™2)*DSQRT( 1. 0D+00 - (ETV*2)))*FW ORB17970
DAP = DAPR + DAPS + DAPW ORB17980
RETURN ORB17990
END ORB18000
ORB18010
AR AR AT A AT e A e e A A iR e A de s v e s e Ao i bbb ek ORB18020
ORB180230
SUBROUTINE RINC(E,¥¥,R,A,FW,AL,DI) ORB18040
v THIS SUSROUTINE CALCULATES THE RATE OF CHANGE OF THE INCLINATION 0:316023
ORB180
DOUBLE PRECISION DI,FW,E,MM,R,A,AL,ET ORB18070
ORB18080
* TRAP (E) SO DENOMINATOR DOES NOT GOTO ZERO ORB18090
IF (E.GT.0.9) THEN ORB18100
ET = 0.9 ORB18110
ELSE ORB18120
ET = E ORB18130
ENDIF ORB18140
DI = (RYFW*DCOS(AL))/(MY *(A%**2)¥DSQRT(1. 0D+00 - (ET¥*2))) ORB18150 :
HETURN ORB) 8160
L. ORB18170
ORB18180 .
Frirdedar it fedre oAt A ik A e e e e e e Ao e o ek e e ORB18190
ORB18200
SUBROUTINE RMM(MM,A,DMM,DA,MU) ORB18210
* THIS SUBROUTINE CALCULATES THE RATE OF CHANGE OF THE MEAN MOTION ORB18220
ORB18230
DOUBLE PRECISION DMM,DA,M¥,A,MU ORB18240
ORB18250
DMM =((~3. OD+00*MU) /(2. OD+00*MM *(A**4)))* DA ORB18260
RETURN ORB18270
END ORB18280 .
ORB18290
Ferrntiaknkntinklor e rinrin ik ol dedek e dededriedrbeedobrdek b Aok ORB18300
ORB18310
SUBROUTINE RMA(E,MM,R,A,TA,DMM,FR,FS,DMA,T) ORB18320
* THIS SUBROUTINE CALCULATES THE RATE OF CHANGE OF THE MEAN Anomaly ORB18330
ORB18340
DOUBLE PRECISION DMAA,DMAB,DMAC,DMAD,DMM,FR,FS,DMA,E,MM,R,A,TA, ORB18350 .
+ ET,T ORB18360
ORB18370
* TRAP (E) SO DENOMINATOR DOES NOT GOTO ZERO ORB18380
IF (E.GT.0.9) THEN ORB18390 .
ET=0.9 ORB18400
ELSEIF (E.LT.0.1) THEN ORB18410




T=0.1

L
Dia = (-1.0D+00/(MY wA) )r

+ (({2.0D+00"R)/A) - ((1 = (E w*2))/ET)*DCOS(TA)) * FR -
+ (1-(5**g%§3/(ﬁﬂ WARET)%*( 1+ R/CA®(1-(E**2))) )*(SIN(TA)*FS)-
T .

+ (
RETURN
END
bt

* CALCULATE THE NEW ORBITAL ELEMENTS
Wik iR ra oA

SUBROUTINE NSMA(A,DT,DA,NEWA)
* THIS SUBROUTINE CALCULATES THE NEW SEMI-MAJOR ANIS

DOUBLE PRECISION DA,DT,A,NEWA
NEWA = A + DA®DT
PETURN
END
S et e e dr TR R e A e A e At A e e e e e e e de ek ded e e dr i e e e Aok

SUBRCUTINE NECC(E,DT,DE,NEWE)
i THIS SUBRCUTINE CALCULATES THE NEW ECCENTRICITY

DOUELE PRESCISION DE,DT,E,NEWE
NEWE = E + DEYDT
RETURN
END
PR e e e e e e e e S e Ve e deve dedralar e Yo e et e e S e e e e e e dede A drie e e e e o

SUBROUTINE NINCL(I,DT,DI,NEWI)
ki THIS SUBROUTINE CALCULATES THE NEW INCLINATION

DOUBLE PRECISION DI,DT,I,NEWI
NEWI = I + DI*DT
RETURN
END
e et e o et ek st e db ok st e e e e e e el e e e e s e e e st e s s e de e e e e b Aok e

SUBROUTINE NASNOD(LAN,DT,DLAN,NEWLAN)

OKB18420
ORB18430
ORB18440
ORB18450
ORB18460
ORB18470
ORB18480
ORB18450
ORB18500
ORB18510
ORB18520
ORB18530
ORB1854L0
ORB18550
ORB18560
ORB18570
ORB18580
ORB18590
ORB18600
ORB18610
ORB18620
ORB18630
ORB18640
ORB18650
ORB18660
ORB18670
ORB18680
ORB18690
ORB18700
0xB18710
ORB18720
ORB18730
ORB18740
ORB18750
ORB13760
ORB18770
ORB18780
ORB18790
ORB18800
ORB18810
ORB18320
ORB18830
ORB18840
ORB18850
ORB18860
ORB18870
ORB18880
ORB18890
ORB18900

* THIS SUBROUTINE CALCULATES THE NEW LONGITUDE OF THE ASCENDING NODEORR18910

DOUSLE PRECISION DLAN,DT,LAN,NEWLAN
NEWLAN = LAN + DLAN®DT

RETLRN

END

ORB18920
ORB18930
ORB18940
ORB18950
ORB18960
ORB18970
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SURROUTINE NARPER(AP,DT,DAP,NEWAP)
TiH!S SUBROUTINZ CALCULATES THE NEW ARGUMENT OF PERIGEE

DQUBLE PRECISION DAP,DT,AP,NEWAP
NEWAP = AP + DAPYIT

RETURN
END

Adrirdrirdrb e dedrirdri At d iR dinrdebrdrdrdedeirdrdrde R drdrderdrdr i A e A A bbb ik

SUBROUTINE NMNAN(MA,MM,DT,TF,DMA,PI)
THIS SUBROUTINE CALCULATES THE NEW MEAN Anomaly

DOUBLE YRECISION DMM,FR,FS,DMA,DT,MA,E,R,A,TA,MM,TF,T,PI

A = MUY (TF) + DMAYDT

IF (MA .GT. (2*PI)) THEN
MA = MA - (2%PI)

ENDIF

RETURN

END

ARt R R AR R R AR A A A R AR A A e

Ve

SUBROUTINE NMNMO(MM,DMM,DT,NEWMM)
THIS SUBROUTINE CALCULATE THE NEW MEAN MOTION

DOUBLE PRECISION DMM,DT,MM,NEWMM
NEWMM = MM + DMM*DT

RETURN
END

efedrdededede el fein e AR e e e A e e e e it e i e e e el dedrde A e e e

SUBROUTINE NEA(MA,E,EA)
THIS SUBROUTINE CALCULATES THE NEW ECCENTRIC ANOMOLY BY USING
NEWTONS METHOD CF ROOT FINDING

DOUBLE PRECISION EAN,MAN,MA,E,EA,DIFF

LET (E:) EQUAL (MA) FOR INITIAL GUESS AT ROOT
EA = M

EAN = EA + (MA - EA +EDSIN(EA))/(1.0D+00 - E*DCOS(EA))
MAN = EAN - E*SIN(EAN)

CHECK DIFFERENCE (DIFF)
DIFF = ABS(MA -MAN)
EA = EAN

CONTINUE TO INTERATE UNTIL DIFFERENCE IS NEGLIGIBLE
IF(DIFF.GT. 0.0000000001) THEN

ORB13980
ORB18990
ORB19000
ORB19010
ORB19020
ORB19030
ORD19040
ORB19050
ORB19060
ORB19070
ORB19080
ORB190%0
ORB19100
ORB19110
ORB19120
ORB19130
ORB19140
ORB19150
ORB19160
ORB19170
ORB1918¢
ORB19190
ORB19200
ORB13210
ORBi19220
ORB19230
ORB19240
ORB19250
ORB19260
ORB19270
ORB19280
(RB19290
OKB19300
ORB19310
ORB19320
ORB19330
ORB19340
ORB19350
ORB1936C
ORB19370
ORB1938C
ORB1$390
ORB19400
ORB19410
ORB19420
ORB19430
ORB19440
ORB19450
ORB19460
ORB19470
ORB19480
ORB19490
ORB19500
ORB19510
ORB19520
ORB19530




AN = ZA 4+ (MA - EA + EDSIN(EA))/(1.0D+00 - Z*DCOS(EA)) ORB19540

MAN = EAN - EVDSINCEAN) ORB19550

£A = ZAN CRB19560

DIFE = ABS(MA - ¥AN) ORB193570

G370 200 ORB19580

ENDiTF ORB19590

EA = EAN ORB19600
RETURN ORB19610

END ORD19620
ORB19630

PR A AR AR A R e A R e et A A A A e A A e A e e e e i ORB19640
ORB19650

SUBROUTINE NTACEA,E,TA,PI) ORB19660

d THIS SUBROUTINE CALCULATES THE NEW TRUE Anomaly 02:19:70
ORB19680

DOUBLE PRECISION EA,E,TA,PI ORB19690
ORB19700

TA = DACOS((E - DCOS(EA))/(E*DCOS(EA) - 1.0D+00)) ORB19710

IF (EA.GT.PI) THEN ORB19720

TA = {(29P]) - TA ORB19730

ENDIF ORB19740
RETUERN ORB19750

END ORB19760
ORB19770

AR A e A e e T A A A A A A A A e dr e e A s A s A A e e A s Ve st s s v At sk e e e ORB19780
ORB19790

SUBROUTINE NANGMO(H,.DT,DH,NEWH) ORB19800

" THIS SUBROUTINE CALCULATES THE NEW ANGULAR MOMENTUM ORB19810
ORB19320

DOUBLE PRECISION DH,DT,H,NEWH ORB19830
ORB19840

SEWH = } 4+ DivDT ORB19850

ETURN ORE19860

END ORB15870
ORB19380

P Aty dey A e A A AR e A P A A A A A A A A A e e e v s e At e A e e s e e ORB19890
QRB19900

SUBROUTINE INTSUM(TFEA,TFSU,TFMO,TFDRA,TDI,TDA,TDE,TDMM,TDMA, ORB19910

o TDLAN, TDH TDAP) ORB19920

* THIS SUBROUTINE I&ITIALIZES THE SUMS OF FORCES AND ELEMENT CHANGESORII9920
ORB19940

TFEA = 0.0 ORB19950

TFSU = 0.0 ORB19960

TFMO = 0.0 ORB19970

TFDRA = 0.0 ORB19980

DI = 0.0 ORB1999¢C

TDA = 0.0 ORB20000

TDE = 0.0 ORB20010

MM = 0.0 ORB20020

TDOMA = 0.0 ORB20030

TDLAN = 0.0 ORB20040

TDH = 0.0 ORB20050

TDAP = 0.0 ORB20D60

RETURN ORB20070

D ORB20080
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v CALCULATE THE NEW POSITION AND VELOCITY VECTORS
R SRy LT IYR T 20 ATt aravatavavavarattvavatinazateiatata dta andidie SUT eie o 3 e a gie g 38 0 0 e s 0 0T e S S

SUBROUTINE NPOS(RI,RJ,RK,R,LAN,AP,INC, TA,A\E)
* ‘TH1S SUBROUTINE CALCULATES THE NEW POSITION VECTOR

DOUBLE PRECISION XW,YW,ZW,INC,RI,RJ,RK,R,LAN,AP,TA,AE

%* CALCULATE POSITION VECTOR IN 'PQW' SYSTEM
R = (Av(1 - (Ev*2)))/(1 + EYDCOS(TA))
W = R*DCOS{TA)
YW = RADSIN(TA)
=0

* TRANSFORM POSITION TO 'IJK' SYSTEM
CALL PQWIJK(LAN,AP,INC,XW,YW,2W,RI,RJ,RK)
R = DSQRT((RI™2) + (RJ¥*2) + (RK**2))
RiTURN
£ND

WAt i i dodr it A e i A drir e dr A i sl A A b i e e A i

SUBROUTINE NVEL(E,P,TA,LAN,AP,INC,VI,VJ,VK,V,MU)
* THIS SUBROUTINE CALCULATES THE NEW VELOSITY VECTOR

DOUBLE PRECISION INC,VP,VQ,VW,MU,E,P,TA,LAN,AP,VI,VJ, VK,V

R CALCULATE VELOCITY IN 'PQW' SYSTEM
VP = DSQRT(MU/P)™(-DSIN(TA))
VQ = DSQRT(MU/P)¥(E + DCOS(TA))
"w = 0,0D+00

* TRANSFORM VELOCITY INTO 'IJK' SYSTEM
CALL PQWIJKR(LAN,AP,INC,VP,VQ,W,VI,VJ,VK)
V = DSQRT((VI™*2) + (VI**2) $(VK**2))
RETURN
END

i i e e el AR e A A A A A A e A e e iAo

*  VELOCITY CHANGE
v ik itk

SUBROUTINE CHGVEL(DT,PER,AL,LAN,AP,I,RI,RJ,RK,R,
+ VI,VJ,VK,V,MU,PI,H,A,E,N,TA,P, MM MA,EA,
+ TF,T,NUM,RIRAY,RJRAY,RKRAY,RARAY,7ARAY ,AINRAY,APRAY, TIMRAY,
+ TT,EI,EJ,EK,LP,HI,HJ,IOPT1,TFEA,TFSU,TFMO,TFDRA,
+ TDI,TDA,TDE,TDM¥,TDMA, TDLAN, TDH, TDAP)
* THIS SUBROUTINE CALCULATE VELOCITY CHANGES

* THE FOLLOWING SUBROUTINES ARE CALLED:

* TACHG = RETURNS TRUE ANOMALY FOR VELOCITY CHANGE LOCATION (CHTA)
i AXD AN INDICATOR OF LOCATION (ITA)

¥ CALCEL = CALCULATE Orbital ELEMENTS

i UNPREZ = CALCULATE UNPERTURBED ORBIT

ORB20090
ORB20100
ORB20110
ORB20120
ORB20130
ORB20140
CRB20150
ORB20160
ORB20170
ORB20110
ORB201%0
ORE2020U
ORB20210
ORB20220
ORB20230
ORD20240
ORB20250
ORB20260
ORB20270
ORB20280
ORB20290
ORB20300
ORB20310
ORB2032¢
ORB20330
ORB20340
ORB20350
ORB20360
ORB20370
ORB20380
ORB20390
ORB20400
ORB20410
ORB20420
ORB20430
ORB20440
ORB20450
ORB20460
ORB20470
ORB20480
ORB20490
ORB20500
ORB20510
ORB20520
ORB20530
ORB20540
ORB20550
ORB20560
ORB20570
ORB20530
ORB20590
ORB20600
ORB20610
ORB20620
ORB20630
ORB20640




NP05S = CALCULATE NEW POSITION JRB20650

MWEL = CALCULATE NEW VELZOLTY ORB20660
STCRE = STOREL FOSITION AND ELEMENTS IN ARRAYS ORB20670
ENERGY = ENLRGY OF SATELLITS ORB20680
ECC = ECCENTRICITY ORB20690
SMANIS = SEMI-MAJOR ANIS ORB20M0
ORB20710

DOUBLE PRECISION T,DT,PER,AL,LAN,AP,I,RI,RJ,RK,R,VI,VJ,VK,V, ORB20720
+ HU PI H A, E N, TA F.dﬂ dA, EA TF TT, ORB20730
+ NEWVI,NEVVJ,NEWVK.&-\V VWAX,CRTA EI,EJ, Ek LP HI HJ VCIR, ORB20740
+ DI,DE.DA,DH”.DﬂA,DLAN,DH,DAP,NﬁWEI,NEWEJ,NEWEK,UEWS,NEQENR, ORB20750
+  NEWA,NEWRP,RE ORB20760
ORB20770

DI%EVSIOV RARAY(500) , TARAY(S500) ,RIRAY(500) ,RIRAY(500), ORB20789
RKRAY(500), AIhRAY(SOO) APRA!(SOO) , TIMRAY(500) ORB20790

ORB20800

CHARACTER*1,YORN, PYORN ORB20810
ORB20820

RE = 6.3782D+03 ORB20830
ORB20640

PROMPT THAE USER FOR TH: YELOCITY Change LOCATION ORB20850
CALL TACNG({PI,CHTA,ITA) ORB20860
ORB20870

SET TIMZ COUNTER TO ONE TIME STEP ORB20580
T =0T ORB20890
ORB20900

ROTATE TO THE VELOCITY CHANGE LOCATION ORB20910
TiIS IS IDENTICAL TO THE Unperturbed ORBIT WITH THE EXCEPTICN ORB20920
THAT A COMPLETE ORBIT IS5 NOT CALCULATED ORB20%30
PRINTY, 'ROTATE TO VELOCITY CHANGE LOCATION' ORB20940
93 ((ITA EQ.2) .OR. (ITA EQ.3)) THEN ORB20950
PRINTY, 'B-FOR& TA =' ,TA ORB20960

IT (TA .GT. 6.21) THEV ORB20970

TA = TA - (2°PI) ORB20980

ENDIF ORB20990
IF((T. LE. PER). A\D {TA.LT.CHTA)) THEN ORB21000
PRINT, 'TA = TA ORB21010

N = hU ORB21020

TT = 1T + DT ORB21030

CALL NEHELT(M&,HA,E,EA,TA ,DT,PI,PER) ORBZ21040

CALL NPOS(RI,RJ,RK,R,LAN,AP,I, A B) ORB21050

CALL NVEL(E, P TA LAN AP ,I,VI,VJ,\K v ,HU) ORB21060

CALL STORE(RI RJ,RK R,TA,RIRAY RJRAY,RKRAY,RARAY, ORB21070

+ TARAY,NUM I,AP,AINRAY,APRAY,TT,TIMRAY) ORB21080
T=T+ DT ORB21090C

GOTO 250 ORB21100

ENDIF ORB21110

IF (TF .GE. PER) THEN ORB21120

TF = TF - PER ORB21130

ENDIF ORB21140
ENDIF ORB21150
ORB21160

PRINT ESCAPE VELOCITY AND CIRCULAR VELOCITY FOR Reference ORB21170
CALL EXCMS('CLRSCRN') ORB21180
PRINT, 'AFTER T4 =',TA ORB21190
PRINT#, "THIS SHOULD BE THE DESIRED RADIUS RP OR RA' ORB21200
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260 °QIVT", RADILS =' R ORB21210
PRINTY, 'VELOCITY = RY ORB21220
VMAN = DSQRT(2 o*(wu / R)) ORB21230
PRINTY, "MAX VELCCITY AT THIS RADIUS 1S: ', VMAX ORB21240
VCIR = DSQRT(:HU/R) ORB21250
PRINTY, 'CIRCULAR VELOCITY AT THIS RADIUS IS :',VCIR ggggiggg

* SROMPT USER TO CHANGE VELOCITY IN ORBITAL PLANE ORB21280
PRINT*, DO YOU WANT TO CHANGE THE VELOCITY IN THE ORBITAL PLANE?' ORDP21290
PRINT* 'ENTER "Y" OR "N" ¢ ORB21300
R-AD*,P!OR\ ORB21310
PRINTY, PYORN ‘ORB21320
IF (PYORV EQ. 'Y') THEN ORB21330

PRINTY, 1GIVE THE TOTAL CHANGE IN VELOCITY, I.E. S.0 KM.' ORB21340
PRINT™, 'THE PROGRAY WILL FIGURE OUT THE FINAL VELOCITY VECTOR' ORB21350
PRIRT* ENTER VELOCITY CHANGE:' ORB21360
READY, CHGV ORB21370
PRINT*,CHGV ORB21380
ORB21399

v CALCULATE NEW VI..OCITY FOR CHANGE IN THE ORBITAL PLANE ORB21400
NEWVI = VI + (CHGV * VI / V) ORB21410
NEWVJ = VI + (CHGV * VJ / V) ORB21420
NEWVK & VK + (CHGV * VK / V) ORB21430
ORB21440

W Velocity CHANGE OUT OF ORBITAL PLANE ORB21450

ELSEIF (PYORN .EQ. 'N') THEN ORB21460
PRINTY, ' ENTER THE NEW VELOCITY VECTCR: " ORB21470
PRINTY:, "' ENTER THE NEW VI' ORB21480
READY, REWVT ORB21490
PR;xTw,thvz ORB21500
PRINTY,' ENTER THE NEW VJ' ORB21510
READY, NEWVI ORB21520
PRI\T“ NEWVJ ORB21530
PRINTY,' ENTER THE NEW VK' ORB21540
READ*,szk\h ORB21550
PRINTY,NEWVK ORB21560
N =1 . ORB21570
ITA = 3 ORB21580
ELSE ORB213590
CALL EXCMS('GLRSCRN') ORB21600
GOTO 260 ORB21610
ENDIF ORB21620
ORB21630

L PRINT NEW VELOCITY FOR USER TO CHECK ORB21640
NEWV = DSQRT((AEWVI*"Z) + (NEWVJ**2) + (NEWVK*¥2)) ORB21650
PRINTY,'NEW VI =',NEWVI ORB21660
PRINT, 'NEW VJ -' \EhVJ ORB21670
PRINT, 'm—.t\ VK = \:.W}\ ORB21680
PRINT* 'NEW V = \swv ORB21690
PRINTY,' ARE THESE VALUES THE ONES YOU WANT?' ORB21700
PRINT" "ENTER "Y" OR "N" ! ORB21710
KEAD™, YORN ORB21720
PRINT*,YORN ORB21730
IF (YORN .EQ. 'N') THEN ORB21740

CALL EXCMS('CLRSCRN') ORB21750
GOTO 260 ORB21760
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ENDIF ORB217790
ORB21780
i CHECK FOR VALID VELOCITY ORB21790
IF ( NEWV .GT. VMAX) THEN ORB21800
. PRINTY, 'YOUR VELOCITY IS TO GREAT !!' ORB21810
GOTO 260 ORB21820
ENDIF ORB21830
ORB21840
. * Calculate PERIGEE RADIUS TO SEE IF SATELLITE WILL IMPACT EARTH  ORB21850
CALL ENERGY(NEWV,R,MU,NEWENR) ORB21860
CALL ECC(RI,RJ,RK,R,NEWVI,NEWVJ,NEWVK,NEWV,NEWET,NEWEJ, NENEK, ORB21870
+ NEWE, MU) ORB21880
CALL SMANIS(MU,NEWENR,NEWA) ORB21890
NEWRP = NEWA*(1.0 - NEWE) ORB21900
IF (NEWRP .LE. RE) THEN ORB21910
PRINTY, 'YOUR VELOCITY AT THIS POINT IS TO SMALLI!!' ORB21920
PRINT*, ' THE SATELLITE WILL IMPACT THE EARTH!!' ORB21930
PRINTY, ' THE SATELLITES RADIUS OF PERIGEE WOULD BE ',NEWRP ORB21940
PRINTY,'A NEW VELOCITY WILL HAVE TO BE ENTERED!!' ORB21950
GOTO 260 ORB21960
ENDIF ORB21970
ORB21980
* ACCEPT NEW VELOCITY ORB21990
VI = NEWVI ORB22000
vJ = NEWVJ ORB22010
VK = NEWVK ORB22020
V = NEWV ORB22030
ORB22040
. * CALCULATE NEW ELEMENT WITH NEW VELOCITY AND SET TIME STEP ORB22050
CALL CALCEL( RI,RJ,RK,R,VI,VJ,VK,V,EI,EJ,EX,E,A,I,LAN,LP,TA, ORB22060
+ PER,EA,MA,AP,AL,TF,P,PI, MU, MM, N, H,HI  HI) ORB22070
DT = PER/50.0 ORB22080
. T = DT ORB22090
ORB22100
* THE FOUR Different CASES OF VELOCITY CHANGES FOLLOWS: OR322110
ORB22120
* VELOCITY CHANGE AT PERIGEE, AND NEWV > V Circular ORB22130
IF(( ITA. EQ. 1). AND. (NEWV. GT. VCIR) )THEN ORB22140
CALL UNPRET(DT,PER,AL,LAN,AP,I,RI,RJ,RK,R,VI,VJ,VK,V, ORB22150
+ MU,PI,H,A,E,N,TA,P,MM, ORB22160
+ MA,EA,TF,T,NUM,RIRAY,RJRAY,RKRAY,RARAY, ORB22170
+ TARAY,AINRAY, APRAY, TIMRAY, TT) ORB22180
ORB22190
* Change VELOCITY AT PERIGEE, AND NEWV <= V CIRCULAR ORB22200
* APUGEE AND PERIGEE SWAP ORB22210
ELSEIF ((ITA.EQ.1).AND. (NEWV. LE.VCIR))THEN ORB22220
ORB22230
* CLEAR PREVIOUS PLOTS ORB22240
NCM = 1 ORB22250
_ CALL STORE(RI,RJ,RK,R,TA,RIKAY,RJRAY,RKRAY,RARAY,TARAY, ORB22260
+ NUM, I,AP,AINRAY,APRAY,TT, TIMRAY) ORB22270
T = PER/2 , ORB22280
ORB22290
) % STEP SATELLITE TO NEW PERIGEE, ONLY A NALF ORBIT ORB22300
CALL UNPRET(DT,PER,AL,LAN,AP,I,RI,RJ,RK,R,VI,VI,VK,V, ORB22310
+ MG,PI,H,A,E,N,TA,P,MY, ORB22320
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W%
14

Tt

+ MA,EA, TF,T,NUM,RIRAY,RIRAY,RKRAY, RARAY,
+ TARAY, AINRAY, APRAY, TIMRAY, TT)

£SET TINE COUNTER TO ONE TIME STZP
= DT

~

ALCULATE COMPLZTE NEXT ORBIT

ALL UNPRET(DT,PER,AL,LAN,AP,I,RI,RJ,RK,R,VI,VJ,VK,V,
MU,PI,H,A,E,N,TA,P,MN,

MA,EA,TF,T,NUM,RIRAY,RIRAY ,RKRAY,RARAY,

TARAY,AINRAY,APRAY, TIMRAY,TT)

CHANGE VELOCITY AT APOGEE, AND NEW V < V CIRCULAR
ELSEIF ((ITA.EQ.2) .AND.(NEWV ,LT. VCIR)) THEN

T = PER/2

FINISH ORBIT

CALL UNPRET(DT,PER,AL,LAN,AP,I,RI,RJ,RK,R,VI,VJ,VK,V,
+ MU, PI,H,A,E,N,TA, P, MY,
+ MA,EA,TF,T,NUM,RIRAY,RIRAY,RKRAY ,RARAY,
+ TARAY,AINRAY,APRAY , TIMRAY, TT)

CHANGE VELOCITY AT Apogee, AND NEWV >= V CIRCULAR
OR AT ANY OTHER TRUE Anomaly
ELSEIF (((ITA.EQ.2).AND. (NEWV.GE.VCIR)) .OR. (ITA.EQ.3)) THEN

IF (TA .GT. 6.21) THEN
TA = TA - (2*PI)
ENDIF

ao  ~

+ 4+

CLEAR PREVIOUS ORBITS AND STEP SATELLITE TO NEW PERIGEE

T =1TF

N =1

CALL STORE(RI,RJ,RK,R,TA,RIPAY RJIRAY,RKRAY,RARAY,TARAY,

NUM, I,AP,AINRAY,APRAY,TT,TIMRAY)
CALL UNPRET(DT,PER,AL,LAN,AP,I,RI,RJ,RK,R,VI,VJ,VK,V,
MU,PI,H,A,E,N,TA,P MY,

MA,EA,TF,T,NUM,RIRAY,RIRAY ,RKRAY,RARAY,
TARAY, AINRAY,APRAY, TIMRAY,TT)

IF (TF .GE. PER) THEN

TF = TF - PER
ENDIF

+++

CALCULATE COMPLETE NEXT ORBIT
T=DT
CALL UNPRET(DT,PER,AL,LAN,AP,I,RI,RJ,RK,R,VI,VJ,VK,V,
+ MU,PI,H,A,E,N,TA,P,MM,
+ MA,EA,TF,T,NUM,RIRAY,RJRAY,RKRAY,RARAY,
+E\DI TARAY,AINRAY,APRAY, TIMRAY,TT)
NDIF

RETURN
END
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ORB22330
ORB22340
ORB22350
ORB22360
ORB22370
ORB221380
ORB223950
ORB22400
ORB22410
ORB22420
ORB22430
ORB22440
ORB22450
ORB22460
ORB22470
ORB22480
ORB224950
ORB22500
ORB22510
ORB22520
ORB22530
ORD22540
ORB22550
ORB22560
CRB2257¢
ORB22580
ORB22590
ORB22600
ORB22610
ORB22620
ORB22630
ORB22640
ORB22659
ORB22660
ORB22670
ORB22680
ORB22690
CRB22700
ORB22710
ORB22720
ORB22730
ORB22740
ORB22750
ORB22760
ORB22770
ORB22780
ORB22790
ORB22800
ORB22810
ORB22820
ORB22830
ORB22840
ORB22850
ORB22860
ORB22870
ORB22880
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SURROUTINE TACNG(PI,CHTA,ITA)
THIS SUSROUTINE Asks THE USER FOR VELOCITY CHANGE LOCATION

DOUBLE PRECISION CiHTA,PI

CALL ENCMS('CLRSCRN')
PRINTY, 'WHERE DO YOU'WANT TO CHANGE THE VELOCITY?'
PRINT*,' 1. AT CURRENT PERIGEE'
PRINTY,' 2. AT CURRENT Apoges'’
Ryﬁ‘ 3. AT A SPECIFIG TRUE Anomaly'
PRINTY, 'ENTER "1", "2" OR "3"
READ™, ITA
PRINTY, ITA

SET TRUE ANOMALY CHANGE LOCATION (CHTA) TO DESIRED LOCATION
IF (ITA .EQ. 1) THEN
CHTA = 0.0
ENDIF
IF (ITA .EQ. 2) THEN
CHTA = PI
ENDIF
IF (ITA .EQ. 3) THEN
PRINT®, 'AT WHAT TRUE ANOMALY DO YOU WANT TO CHANGE THE'
TRINDY, 'VELOCITY?"
FRINT*,'ENTER TRUE ANGMALY IN DEGREES'
READ', CHTA
PAINTY, CHTA
CHTA = CHTA * PI / 180
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SUBROUTINE PLOTS(RIRAY,RJRAY,RKRAY,RARAY,TARAY,NUM,PI,INC,LP,A,

+ E,TF,AINRAY,APRAY, TIMRAY,TFEA, TFSU, TFMO,TFDRA,
+ PER,TDI,TDA,TDE,TDMM, TDMA,TDLAN, TDH, TDAP,
+ MM,MA,LAN,H,AP,R,V)

THIS SUBROUTINE ASKS THE USER FOR THE TYPE OF OUTPUT THAT IS
DESIRED PERIFOCAL, GROUND TRACK OR TO SKIP THE PLOT.

THE FOLLOWING SUIBROUTINES ARE CALLED:

PERIF = PLOT PERIFOCAL ORBIT

GRTRK = PLOT GROUND TRACK

DATE = DISPLAYS DATA ON PLOT

TEC618 = SET Disspla TO TEC 618 OUTPUT
ENDPL = END THIS DISSPLA PLOT

REFER TO DISSPLA USER"S MANUAL FOR EXPLANATION OF DISSPLA
SUBROUTINES

DOUZLE PRECISION PI,A,E,INC,LP,TF,PER,MM,MA,LAN,H,AP,R,V

ORB22890
ORB22900
ORB22910
ORB22920
ORB22930
ORB22940
ORB22950
ORB22960
ORB22970
ORB22980
ORB22990
ORB23000
ORB23010
ORB23020
ORB23030
ORB23040
ORB23050
ORB23060
ORR23070
ORB223030
ORB23090
ORB23100
ORB23110
ORB23120
ORB23130
ORB23140
ORB23150
ORB23160
ORB23170
ORB23180
ORB23190
ORB23200
ORB23210
ORB23220
ORB23230
ORB23240
ORB23250
ORB23260
ORB23270
ORB23280
ORB23290
ORB23300
ORB23310
ORB23320
ORB23330
ORB23340
ORB23350
ORB23360
ORB23370
ORB2:380
ORBZ3390
ORB23400
ORB23410
ORB23420
ORB23430

DIMENSION RIRAY{500),RJRAY(500),RKRAY(500),RARAY(5GC),TARAY(500), ORB23440
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+ AINRAY(500),APRAY(500),TIMRAY(S500) CRB23450

CNARACTER™1,YORN ORB23460
ORB23470

CALL ENCMS('CLRSCRN') ORB23480
ORB23490

* CALCULATE SINGLE PRECISION VARIABLES ORB23500
SPY = SNGL(PI) ORB23510

SA = SNGL(A) ORB23520

SE = SNGL(E) ORB23530
SINC = SNGL(INC) ORB23540

SLP = SNGL(LP) ORB23550

STF = SNGL(TF) ORB23560
SPER = SNGL(PER) ORB23570

SMM = SNGL(MM) ORB23580

SMA = SNGL(MA) ORB23590

SLAN = SNGL(LAN) ORD23600

SK = SNGL(H) ORB23610

SAP = SNGL(AP) ORB23620

S\ = SNGL(V) ORB23630

SR = SNGL(R) ORB23640
ORB23650

% PROMPT USER FOR DISPLAY TYPE ORB23660
340 PRINTY, 'WHAT TYPE OF Display IS DESIRED: ' ORB23670
PRINTY,' 1. PERIFOCAL ORB23680
PRINTY,' 2. GROUND TRACK' ORB23690
PRINTY,' 3. SKIP PLOT' ORB23700
PRINTY,'ENTER 1,2,3,4:"' ORB23710
READ", INPUT ORB23720
PRINT350, INPUT ORB23730

350 FORMAT(14) ORB23740
ORB23750

CALL TEXS18 ORB23760
ORB23770

* CALL APPROPRIATE PLOT ORB23780
IF (INPUT .EQ. 1) THEN ORB23790

CALL PERIF(RARAY,TARAY,NUM,SPI,SINC,SLP,SA,SE) NRB23800

ELSEIF (INPUT .EQ. 2) THEN ORB23810
CALL GRTRK(AINRAY,APRAY,TARAY,STF,NUM, TIMRAY) ORB23820

ELSETF (INPUT .EQ. 3) THEN ORB23830
GGLO 360 ORB23840

ELSE ORB23850
PRINTY, ' INVALID ENTRY!' ORB23860

GOTO 340 ORB23870

#XDIF ORB23880
ORB23890

i DISrLAY DATA ORB23900
CALL DATA(SINC,SA,SE,TFEA,TFSU,TFMO,TFDRA,SPER,SPI,TDI,TDA,TDE, ORB23910

+ TD)M,TDMA, TDLAN, TDH, TDAP, SMM, SMA, SLAN, SH, SAP, SV, SR) ORB23920
CALL ENDPL(0) ORB23930
ORB23940

i PROMPT USER IF ANOTHER DISPLAY TYPE IS DESIRED ORB23950
PRINT*, '"WOULD YOU LIKE ANOTHER PLOT USING THE SAME ORBITAL' ORB23960
PRINTY, 'PARAMETERS AND DATA:' ORB23970
PRINT®, "ENTER "Y" OR "N" :' ORB23980
READ*, YORN ORB23990

PRINT, YORN ORB24000
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IF (¥03N .EQ. 'Y') THEN ORB24010

GOTO 340 ORB24020
ENDIF (QRB24030
387 RETURN ORB24040
END ORB24050
ORB24060
AR e R A R TR R AR e e e s e e A el i A e drde de i OnB24070
ORB24080
SUBROUTINE PERIF(RARAY,TARAY,NUM,PI,INC,LP,A,E) ORB240%0
* THIS SUBROUTINE PLOTS OUT THE RESULTS OF THE PROGRAM USING THE ORB24100
* DISPLAY FEATURE ON THE MAIN FRAME. ORB24110
Ve REFER TO DISSPLA USERS GUIDZ FOR EXPLANATION OF DISSPLA URB24120
* SUBROUTINES. ORB24130
ORB24140
REAL INC,LP ORB24150
DIMENSICN TARAY(500),RARAY(500),RIRAY(S00),RJRAY(500),RKRAY(500) ORB24160
ORB24170
I=1 ORB24180
ORB24190
" SET SCALE OF ANIS CRB24200
RSTEP = (AY(14E)) / 3 ORB24210
CALL TEN618 ORB24220
CALL RESET(3HALL) ORB24230
CALL SCHPLX ORB24240
CALL PHYSUR(1.25,4.) ORB24250
CALL AREA2D(6. ,8.) ORB24260
CALL MESSAG('PERIFOCAL COORDINATE SYSTEMS',100,1.0,6.5) ORB24270
CALL NNAME('MW',2) ORB24280
CALL YNAME('YW',2) ORB24290
CALL YANANG(90.0) ORB24300
CALL YANANG(0.0) ORB24310
CALL INTAXS ORB24320
CALL POLAR(1. ,RSTEP,3.,3.) ORB24330
CALL POLY3 ORB24340
CALL NOCHEX ORB24350
CALL CURVE(TARAY,RARAY,NUM, 1) ORB24350
CALL COMPLX ORB24370
CALL EBEIGHET(.2) ORB24380
CALL RESET('COMPLEX') ORB24390
CALL RESET('HEIGHT') ORB244CO
CALL ENDGR(0) ORB24410
ORB24420
* Display EARTH PLOT ORB24430
CALL EARTH1(A,E,INC,PI,RSTEP) ORB24440
RETURN ORB24450
END ORB24460
ORB24470
Felorrfelr e e e e e A de e e e et sk e e A e A e e bl e ke de e Ao e e ORB24480
ORB24490
SUBROUTINE EARTH1(A,E,INC,PI,RSTEP) ORB24500
v THIS SUBROUTINE PLOTS A VIEW OF THE WORLD, LOOKING DOWN THE '2’ ORB24510
* AXIS, PLACED ON THE ORIGIN. THE Latitude IS FIXED, BUT THE ORB24520
st LONGITUDE VARIES WITH THE INCLINATION. ORB24530
¥ REFER TO DISSPLA USER"S MANUAL FOR EXPLANATION OF DISSPLA ORB2454%0
s SUBROUTINES ORB24550
ORB24560
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REAL INC
COMMON IWORK(38CO)
DATA IWDIM/3500/

RE = §375. 145

SCALE THE EARTH PLOT AND CENTER ON THE ORIGIN

SCFAC = RE/RSTEP

SCFAC2 = SCFAC * 2,0

XPHS = 1.25 + 3.0 ~ SCFAC

YPHS = 4.0 + 3.0 - SCFAC

YPOLE = 90 - (INC * 180 / PI)

IF(YPOLE .GT. 90) THEN
YPOLE = YPOLE ~ 90

ENDIF

YORIG = YPOLE - 90

YMAX = YPOLE + 90

CALL RESET(3HALL)

CALL PHYSCR(XPHS,YFHS)

CALL PROJCT('LAMBERT EQ/AREA')

CALL MAPOLE(O.0,YPOLE)

CALL AREA2D (scrAcz,scrAcz)

CALL THKERY (0.02)

CALL GRAF(-90.,30.,90.,YORIG,30. ,Y¥AX)

CALL FRAME

CALL MAPFIL( HAPDTA')

CALL LBLANK('LAND',IWDIN)

ra‘n f‘b‘rn(l 1 \

CALL Lanash( TWATER' , INDIM)

CALL DASH

CALL GRID(1,1)

CALL RESET ('DASH' )

CALL “NDGR(O)

RETURK.

END
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SUBROUTINE GRTRK(AINRAY,APRAY,TARAY,TF,NUM,TIMRAY)

DIMENSION AINRAY(500),APLAY(500),TARAY(500),
+  ELARAY(500),ELORAY(500),TLONG(500),TLAT(500) ,TIMRAY(500)

RE = 6,3782E+03

EROT = 7.292115856E-05
STF = (TF)

I=1

LOAD ARRAYS WITH LATITUDE AND LONGITUDE
410 IF (I .LE. NUM) THEN
X = RE*COS(APRAY(I))*COS(TARAY(I))-RE*SIN(APRAY(I))*

+ SIN(TARAY(I))
Y = RE“COS(AINRAY(I))*SIN(APRAY(I))*COS(TARAY(I)) +
+ RE¥*COS(AINRAY(I))*COS(APRAY(I))*SIN(TARAY(I))

2 = REYSIN(AINRAY(I))*SIN(APRAY(I))*COS(TARAY(I}) +
+ REFSINCAINRAY(I))*#COS(APRAY(I))*SIN(TARAY(I))
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ORB24570
ORB24580
ORB24590
ORB24600
ORB24610
ORB24620
ORB24630
ORB24640
ORB24650
ORB24660
ORB24670
ORB24660
ORB24690
ORB24700
ORB24710
ORB24720
ORB24730
ORB24740
ORB24750
ORB24760
ORB24770
ORB24780
ORB24790
ORB24800
ORB24810
ORB24820
ORB24830
ORB24840
ORB24350
ORB24860
ORB24870
ORB24880
ORB24890
ORB24900
ORB24910
ORB24920
ORB24930
ORB24940
ORB24950
ORB24960
ORB24970
ORB24980
ORB24990
ORB25000
ORB25010
ORB25020
ORB25030
ORB25040
ORB25050
ORB25060
ORB25070
ORB25080
ORB25090
ORB25100
ORB25110
ORB25120




ORB25130

v CALCULATE LATITUDE ORB25140
ELARAY(I) = (ASIN(Z/RE))  (180/3.14159) ORB25150

ORB25160

* TRAP 'N' AND 'Y' FOR ARCTAN IN CALCULATING LONGITUDE ORB25170
IF((Y .LE. 10) .AND. (Y .GE. 0.0)) THEN ORB25180

Y = 10, ORB25190

ELSEIF ((Y .GE.=10).AND.(Y .LE. 0.0)) THEN ORB25200

Y = -10. ORB25210

EXDIF ORB25220

IF((N .LE. 10) .AND. (X .GE. 0.0)) THEN ORB25230

X =10, ORB25240

ELSEIF ((X .GE.-10).AND. (X .LE. 0.0)) THEN ORB25250

X = -10. ORB25260

ENDIF ORB25270

ORB25280

* CALCULATE LONGITUDE ORB25290
ELORAY(I) = (ATAN2(Y,X) - (EROT®TIMRAY(I})) ** (150/3.14159) g::g;ggg

* %0ODIFY LONGITUDES TO ( -150 TO 180) ORB25320
420 IF (ELORAY(I) .LT. -180) THEN ORB25330
ELORAY(I) = ELORAY(I) + 360 ORB25340

GOTO 420 CRB25350

ENDIF ORB25360
I=1]+1 ORB25370

GOTO 410 ORB25380

ENDIF ORB25390
ORB25400

* SET DISSPLA ORB25410
CALL TERS1S ORB25420

CALL RESET(SHALL) ORB25430

CALL YANANG (0.) ORB25440

CALL PHYSOR(1.0,6.9) ORB25450

CALL XNAME(C' ', 1) ORB25460

CALL YNANE(' ',1) ORB25470

Call AREA2D(7.5,3.75) ORB25480

CALL HEADIN ('GROUND TRACKS',100,1.5,1) ORB25490

CALL SCYPLX ORB25500

CALL MAPGR(-130.,90.,180.,-90.,30.,90.) ORB25510

CALL GRID (1,1) ORB25520

CALL MAPFIL ('MAPDTA') ORB25530

I=1 ORB25540
ORB25550

* IGNORE Boundary POINTS ORB25560
430 IF ((ELORAY(I) .LT. -175) .OR. ORB25570
+  (ELORAY(I) .GT. 175) .OR. ORB25580

+  (ELARAY{I) .LT. -83) .OR. ORB25590

+  (ELARAY(I) .GT. 85)) THEN ORB25600
I=1+1 ORB25610

GOTO 430 ORB25620

ENDIF ORB25630
ORB25640

ITEMP = 1 OKB25650
ORB25660

e LOAD FIRST POINT OF NEW PLOT SEGMENT ORB25670

IF (I .LE. NUM) THEN ORB25660




TLONG(ITEMP) = ELORAX(I) ORB25690
TLAT(ITENP) = ELARAY(I) ORB25700
I=1+1 ORB25710

* IF ( 1 .GE. NUM) THEN ORB25720
* CALL POLY3 OPB25730
w CALL CURVE(TLONG,TIAT,ITENP,1) ORB25740
* ENDIF ORB253750
ENDIF ORB25760
ORB25770

¥ LOAD SECOND POINT IN LINE SEGMENT ORB25780
IF (I .LE. NUM) THEN ORB25790

ITEMP = ITEMP + 1 ORB25800

TLONG( ITEMP) = ELORAY(I) ORB25810
TLAT(ITEMP) = ELARAY(I) ORB25820
I=1+1 ORB25830

IF ( T .GE. NUM) THEN ORB25840

CALL POLY3 ORB25850

CALL NOCHEX ORB25860

CALL CURVE(TLONG,TLAT,ITEMP 1) ORB25870

ENDIF ORB25880

ENDIF ORB25890
ORB25900

* LOOP UNTIL SEGMENT REACHES EDGE OR NO MORE POINTS ORB25910
440 IF (I .LE. NUM) THEN ORB25920
ORB25930

* BOTH LAT AND LONG INCREASING OR325940
IF((ELORAY(I - 2) .LE, ELORAY(I - 1)) .AND. ORB25950

+ (ELARAY(I - 2) .LE. ELARAY(I - 1))) THEN ORB25960
IF((ELORAY(I) .LT. -170) .OR. ORB25970

+ (ELARAY(1) .LT. -80)) TiEN URB25980
CALL POLY3 ORB25990

CALL NOCHEK ORB26000

CALL CURVE(TLONG,TLAT,ITEMP,1) ORB26010

GOTO 430 ORB26020

ELSE ORB26030

ITh = ITEMP + 1 ORB26040

TLOWMG(ITEMP) = ELORAY(I) ORB26050

TLAT(ITEMP) = ELARAY(I) ORB26060

ENDIF ORB26070

ORB26080

* BOTH LAT AND LONG DECREASING ORB26090
ELSEIF((ELORAY(I = 2) .GT. ELORAY(I - 1}) .AND. ORB26100

+ (ELARAY(I - 2) .GT. ELARAY(I =~ 1))) THEN ORB26110
IF((ELORAY(I) .GT. 170) .OR. ORB26120

+ (ZLARAY(I) .GT. 80)) THEN ORB26130

CALL POLY3 ORB26140

CALL NOCHEK ORB26150

CALL CURVE(TLONG,TLAT,ITEMP,1) ORB26160

GOTO 430 ORB26170

ELSE ORB26180

ITEMP = ITEMP + 1 ORB26190

TLONG( ITEMP) = ELORAY(I) ORB26200

TLAT(ITEMP) = ELARAY(I) ORB26210

ENDIF ORB26220

ORB26230

¥ LAT INCREASING, LONG. DECREASING ORB26240




ELSEIF((ELGRAY(I ~ 2) .GT. SLORAY(I - 1)) .AND.

+ (ELARAY(I - 2) .LE. ELARAY{I - 1))) THEN
IF((ELORAY(I) .GT. 170) .OQR,
+ (ELARAY(I) .LT. -80)) THEN
CALL POLY3

CALL NOCHEK
CALL CURVE(TLONG,TLAT,ITEMP,1)
GOTO 430

ELSE
ITEMP = ITEMP + 1
TLONG(ITEMP) = ELORAY(I)
TLAT(ITEMP) = ELARAY(I)

ENDIF

* LAT. DECREASING, LONG. INCREASING
ELSEIF((ELORAY(I - 2) .LE. ELORAY(I - 1)) .AND.
+ (ELARAY(I - 2) .GT. ELARAY(I - 1))) THEN
IF((ELORAY(I) .LT. -170) .GR.
+ (ELARAY(I) .GT. 80)) THEN
CALL POLY3
CALL NOCHEX
CALL CURVE(TLONG,TLAT, ITEMP,1)
GOTO 430
ELSE
ITEMP = ITEMP + 1
TLONG(ITEMP) = ELORAY(I)
TLAT(ITEMP) = ELARAY(I)
ENDIF
ENDIF
i¥( 1 .EQ. NUM) THEN
CALL POLY3
CALL NOCHER
CALL CURVE(TLONG,TLAT,ITEMP,1)
ENDIF
I=1+1
GOTO 440
ENDIF

CALL POLY3
CALL NOCHEK
CALL CURVE(TLONG,TLAT,ITEMP,1)

CALL COMPLY

CALL HEIGHT(.2)
CALL THXFRM (0.03)
CALL FRAME

CALL RESET('COMPLX')
CALL RESET('HEIGHT')
CALL ENDGR (0)
RETURN

END
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ORB26250
ORB26260
ORB26270
ORB26280
ORB26290
ORB26300
ORB26310
ORB26320
ORB26330
ORB26340
ORB26350
ORB26360
ORB26370
ORB26330
ORB26390
ORB26400
ORB26410
ORB26420
ORB26430
ORB26440
ORB26450
ORB26460
ORB26470
ORB26480
ORB26490
ORB26500
ORB26510
ORB26520
ORB26530
ORB26540
ORB26550
ORB26560
ORB26570
ORB26580
ORB26590
ORB26600
ORB26610
ORB26620
ORB26630
ORB26640
ORB26650
ORB26660
ORB26670
ORB26680
CRB26690
ORB26700
ORB26710
ORB26720
ORB26730
ORB26740
ORB26750
ORB26760
ORB26770
ORB26780
ORB26790
ORB26800




SUBROUTINE DATA(I,A,E,TFEA,TFSU,TFMO,TFDRA,PER,PI,TDI,TDA,TDE, ORB26810

+ TOMY, TDMA, TDLAN, TDH, TDAP, 44, MA, LAN, K, AP, V,R) ORB26820
THEIS SUSROUTINE Displayvs THE ORBITAL DATA FOR BOTH THE PERIFOCAL ORE26830
AND THE GROUND TRACK PLOTS. ORB26840
REFER TO DISSPLA USER"S MANUAL FOR EXPLANATION OF DISSPLA ORB26850
SUSROUTINES ORD26860

ORD26870
REAL I,MM,MA TAN ORB26880

ORB26890
MU = 3,986012E+05 ORB26900

ORB26910
CALCULATE THE AVERAGE FORCES FROM THE TOTAL MAGNITUDE OF ORB26920
FORCE CHANGES ORB26930
AVGFE = TFEA/50.0 ORB26940
AVGFS = TFSU / 50.0 ORD26950
AVGFY = TFMO / 50.9 ORB26960
AVGFD = TFDRA / 50.0 OR326970

ORB26980
CALCULATE ORBITAL ELEMENTS IN Usable UNITS ORB26990
PERH = PZR/3600 ORB27000

ORB27010
DI = I * (180.0/PI) ORB27020
DLAN = LAN * (180.0/PI) ORD27030
DAP = AP * (180.0/PI) ORB27040

ORB27050
CALCULATE Average CHANGE IN ELEMENTS FOR ONE PERIOD ORB27060
AVGDI = TDI / 50.0 ORB27070
AVGDA = TDA / 50.0 ORB27080
AVGDE = TDE / 50,0 ORB27090
AVGDNYM = TN / 30.0 ORB27100
AVGDMA = TDMA / 50.0 ORB27110
AVGLAN = TDLAN / 50.0 ORB27120
AVGDH = TDH / 50.0 ORB27130
AVGDAP = TDAP / 50.0 ORB27140

ORB27150
CALCULATE RADIUS'S AND VELOCITIES ORB27160
ENR = ((V¥*2)/2) - (MU/R) ORB27170
RP = A%{1 - E) ORB27180
RA = A%{1 + E) ORB27190
VP = SQRT(2*(ENR + (MU/RP))) ORB27200
VA = SQRT(2*(ENR + (MU/RA))) ORB27210

ORB27220

ORB27230
SET DISSPLA ORB27240
CALL RESET(3HALL) CRB27250
CALL SCMPLX ORB27260
CALL PHYSOR(O.0,0.0) ORB27270
CALL AREA2D(S8.5,4.0) ORB27280

ORB27290
PRINT DATA ORB27300
CALL MESSAG('I = ;',100,0.25,3.67) ORB27310
CALL REALNO(DI,3,'ABUT','ABUT') ORB27320
CALL MESSAG(' DEG.;':loo,'ABUT':'ABUT') OKB27330
CALL MESSAG(' A = §',100,'ABUT','ABUT') ORB27340
CALL REALNO(A,1,'ABUT','ABUT') ORB27350
CALL MESSAG(' XKM$',100,'ABUT','ABUT') ORB27360

g




CALL MESSAG(' € = §',100, "ABUT','ABUT") ORB27370

CALL REALNOCE,3,'ABUT','ABUT'") ORB27380
CALL MESSAG(' PER = §',100,'ABUT','aLT") ORB27390
Call REALNOCPERY,2,'ABUT','ABUT') ORB27400
CALL MESSAG(' HOURSS',100,'ABUT','ABUT') ORB27410
ORB27420

CALL MESSAG('AVERAGE RATE OF CHANGE OF ELEMENTS PER SECOND §$',  ORB27430
+ 100,1.0,3.0) ORB27440
ORB27450

CALL MF7SAG('DI/DT = §' 100,0.25,2,67) ORB27460
CALL REALNOCAVGDI,-2,'ABUT','ABUT') ORB27470
CALL MESSAG(' DA/DT = §',100,'ABUT','ABUT') ORE27450
CALL REALNOCAVGDA,-2,'ABUT','ABUT') ORB27490
CALL MESSAG(' DE/DT = §',100,'ABUT','ABUT') ORB27500
CALL REALNO(AVGDEZ,<-2,'ABUT','ABUT') ORB27510
ORB27520

CALL MESSAG('DMM/DT = $',100,0. 25,2.33) ORB27530
CALL REALNOCAVGDYM,-2,'ABUT','ABUT') ORB27540
CALL MESSAG(' DMA/DT = §',100,'ABUT', 'ABUT') ORB27550
CALL REALNOCAVGDHA,-2,'ABUT', ABUT") ORB27560
CALL MESSAG(' DLAN/DT = s',xoo.'naur','anur') ORB27570
CALL REALNOCAVGLAN,-2,'ABUT','ABUT') ORB27580
ORB27590

CALL MESSAGC 'DH/DT = $',100,0. 25,2, 00) ORB27600
CALL REALNO(AVGDH,-2,'ABUT', ABUT') ORB27610
CALL MESSAG(' DAP/DT = §',100,'ABUT','ABUT') ORB27620
CALL REALNOCAVGDMA,-2,'ABUT','ABUT') ORB27630
ORB27640

CALL MESSAG('AVERAGE MAGNITUDE OF FORCES PER UNIT MASS (KM/S*%2) ORB27650
+5',100,1.0,1.67) ORB27660
ORB27670

GALL MESSAG('EARTH = $',100,0.10,1.33) ORB27680
CALL REALNO(AVGFE,-1,'ABUT', 'ABUT') ORB27690
CALL MESSAG(' MOON = §' 100, 'ABUT','ABUT') ORD27700
CALL REALNO(AVGFM,-1,'ABUT','ABUT") ORB27710
CALL MESSAG(' SUN = s',1oo; Aaur', ABUT') ORB27720
CALL REALNCCAVGFS,-1,"ABUT','ABUT') ORB27730
CALL MESSAG(' DRAG = $',100,'ABUT','ABUT') ORB27740
CALL REALNO(AVGFD,-1,'ABUT','ABUT') ORB27750
ORB27760

CALL MESSAG('PERIGEES',100,2.75,1.0) ORB27770
CALL MESSAG(' Apoges$', 100, 'ABUT', 'ABUT') ORB27780
ORB27790

CALL MESSAG( 'RADIUS (KM)$',100,0.25,0.57) ORB27800
CALL MESSAG('RP =$',100,2.75,0.67) ORB27810
CALL REALNOCRP,1,'ABUT','ABUT') ORB27820
CALL MESSAG(' $',100,'ABUT', 'ABUT') ORB27830
CALL MESSAG(' RA =$',100,'ABUT','ABUT') ORB27840
CALL REALNO(RA,1,'ABUT','ABUT') ORB27850
) ORB27860

CALL MESSAG('VELOCITY (KM/SEC)$ 100,0.25,0.33) ORB27870
CALL MESSAG('VP =$',100,2.75,0.%3) ORB27880
CALL REALNO(VP,2,'ABUT', 'ABUT') ORB27890
CALL MESSAG(' s',1oo"Aaur','ABur') ORB27900
CALL MESSAG(' VA =s',100,'ABUT','ABUT') ORB27910

CALL REALNO(VA,2,'ABUT','ABUT') ORB27920
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CALL RESET('COMPLY')
5,_35.}:“5.\'33&(03

DS LGN
END

ORB27930
ORB27940
ORB27950
ORB27960
ORB27970 ¢
ORB27980




. APPENDIX B. COORDINATE SYSTEMS
A. ‘LIK’: GEOCENTRIC - EQUATORIAL

<

. /'\

vernal equinox
direclic =

Figure 3.  Geocentric-equatorial coordinate system

The geocentric-equatorial system as seen in Figure 3 has its origin at the earth’s
center. The fundamental plane is in the equator and the positive X-axis points in the
vernal equinox direction. The Z-axis points in the direction of the north pole. This
system is not fixed to the earth and turping with it; rather, the geocentric-equatorial
frame is nonrotating with iuspect to th. stars (except for precession of the equinoxes)
and the earth turns relativa to it. Unit vectors, I , J , and K shown in Figure 3, lie along

.. the X, Y, and Z respectively. [Ref. 1: p.53)
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B. ‘PQW" PERIFOCAL

—

Figure 4.  Perifocal coordinate system

The perifocal coordinate system has its fundamental plane in the plane of the satel-
lite’s orbit as seen in Figure 4. The coordinate axis are named, X, ¥, and Z_ .. The
AL axis points toward the perigee; the Y, axis is rotated 90 degrees in the direction of
orbital motion and lies in the orbital plane; the Z, axis along h completes the right-
handed perifocal system. Unit vectors in the direction of X, ¥, and Z, are called 13, é
and I¥ respectively. [Rel. 1: p.57)
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C. 'RSW’:ORBITAL

Figure 5.  Orbital coordinate system

(Figure 9.4-1, Ref. 1)

The orbital coordinate system has its principle axis, R (unit vector r), along the in-
stantaneous radius vector, r as seen in Figure 5. The axis S is rotated 90 degrees from
R in the direction of increasing true anomaly. The third axis, W, is perpendicular to
both R and S. Note that this coordinate system is simply rotated v, from the PQV
perifocal system. [Ref. 1: p.39§]
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D. COORDINATE TRANSFORMATIONS

The coordinate transformations, for the previous cocrdinate systems, use angular
rotations about the axis to evaluate the transformation matrix. The matrix elements r,
are calculated, then applied to the old vector to get the vector in the new coordinate

system.  The following orbital elements are used:
Q = longitude of ascending node
© = argument of perigee
i = inclination
i, = argument of latitude
Ve ™ true anomaly
Tha coordinate transformations follow [Ref. 1: p.74-83)

l. PQW o LJIK
ry = co$ Q cos @ — sin Q sin w cos §
r. = —c0s £ sin © ~ sin Q cos w cos i
ry = sin Q cos &
Iy = sin Q cos o) + cos Q sin @ cos §
ray e = $in Q2 sin w + cos £ cos w cos i
= 03 sin §
Py = SN W Sind
Isa ™ COS (9 SN §
m-cow‘
I"ul’""pQT'“”
,-"ll) ke 'n()"')\;”
}\ -'"]' "",!Q""””

. UK to PQ\\' (m\'cnc of 1)
P b r"I + l\lj + rnK
)‘ 'pl + I's,., "' )‘\[\
” -'“1 +'nj 'L rnA
3. IJK to RSYV
ry = cos L cos i, — sin Q sin u, cos i
Iy = sin Q cos 1, + sin 1, cos Q cos i
ryy = sin i sin w,
ry = — cos L sin 1, ~ sin Q cos u, cos §
rsy = — sin Q sin 1, + cos Q cos u, cos i
l‘;, = COS "3 Sin l'
Fy = sin Qsin i
rs=—cosfdsini
Iy = €08 i
R = r"l -+ lp, = )'-.;K
= )*ll '-' ,“I "' '“}\
1 +)x-l '!' l“}\

Su




4. RSW to LK tinverse of =3)
’ “ruR""rg\\ "“r’ ".
I-: I\--) \-*-uui'
f\ -l“l\ bl 4 5 - r,,"'

5. PQW to R§W
gy = COS Vy

. r,,-Sin \‘g

Iy m = SN,
I';;-COS Vy
r:,-U.Q
I'"-O-O
r,,-U()
)”- l O

R -'"P—-;,,Q-—:,,H’
b-mP-)Omrm
i n:,,l’-&r,.Q-r:,,li

6. RSW to PQW (inverse of £5)
P= a‘,,i\; + r.,S" +ry ﬁ'
O-:R—ob*n”
T :,\R 7y ‘b + r,,ll

Sl




APPENDIX C. ORBITAL ELEMENTS

The user is assumed 1o be studving orbital mechanics and should understand the

orbital clements and how to calculate them. A brief description of the elements and the
equations used to caleulate the elements follow. For a detailed explanation of the ele-
ments and the equations to calculate them refer to Chapters | and 2 of reference 1.
Figure 6 on page 83 shows the orbital elements in the Geocentric-Equatorial and
perifocal coordinate system.

I,

3.

Angular Momentwuim (h):
The specilic angular momentum is i constant of the motion of the satellite,
delined as b = rxv,
h =7 =iyl +hJ + Iy K
By v = rpy
Dy ppr; = vy
hy= v = ra
h=\ b+ 07+ I
Node Vector (n):
The node vector is a vector pointing along the line of nodes in the direction
of the ascending node,
n=Kxh ==l +h
N Y
N7
Senmi-latus rectum (p):
The semi-latus rectum is a geometric constant of the conic section.
&
P="
Eccentricity (o)
The eccentricity is a constant defining the shape of the conic orbit.
- V2 Hoe e
¢ = [0 =7 )F = (FF)F)
e="0¢}
Semi-major axis ta)y




Figure 6. Orbital elements

The semi-major axis is a constant defining the size of the orbit.
(1 - e:)_

F
6. Inclination (i):

The inclination is the angle between the 'K’ unit vector in the ‘IJK’ system and
the angular momentum vector, ‘h’.

Q=
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[mgQs | ——)m¢ —_
Y I
. Longiwde of ascending node (Q: i
[he longitude of the ascending node is the angle in the fundamental plane ,
between the °I” unit vector and the point where the satellite cresses through the
fundamental plane in a northerly direction (ascending node) measured counter-

clockwise when viewed from the north side of the fundamental plane.
wy N
Q= cos™ (4

8. Argument of perigee (@):
The argument of perigee is the angle in the plane of the satellite’s orbit, be-
tween the ascending node and the perigee point, measured in the direction of the
satellite’s motion.

Iriny (e, =+ n.e))
-1, N¢ =) MGG
) = COS ‘( ——‘. = COS ! —_—
"e e

9. True anomaly at epoch (v,):
The true anomaly at epoch is the angle in the pine of the satellite’s orbit, be-
tween perigee and the position of the satellite at a particular time, 7., called the
"epoch”.

. -1, oF
Vo= cos (5

10, Arguirent of latitude (1)
The argument of latitude is the angle in the plane of the orbit. between the
ascending node and the radius vector to the satellite at time 4,
e, E
w, = cos ()
11. Longitude of perigee (M):
The longitude of perigee is the angle from °I° to perigee measured castward to
the ascending node and then in the orbital plane to perigee.

T )

12. True longitude at epoch (4,
The true longitude at epoch is the angle between ‘I’ and r, (the radius vector

to the satellite at 1, measured castward to the ascending node and then iw the orbital
plune to »,

Io=w+Q+\'n

13. Period (per):
The period is the time the for the satellite to complete onc orbit.
t:3

Per=2 A\ T

14. Eccentric anomaly (EA R
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The eccentric anomaly is the angle between the perigee and a position on an
auniliary arcle cireumseribed about the ellipse where a perpendicular ine to the
m.jor axis has been extended from the epoch location of the satellite to the auxil-
1PV ureic,
¢+ COS(v)

o - -1 ——————
Ed = cos I + ¢ cos(v)

15. Mean motion {(n'): ]
The mean motion is defined below:

-1
""\/T‘:’-

16. Mean anomaly {MA):
The mean anomaly is defincd below:

MoAmp'(t=TNwm B4 — e sinlEN)

17, Time of f]ig!u (TF): .
The time of flight is the elapsed time from when the satellite was at perigee to
the current epoch.
!
]

3
(t=T)m V -‘—";- (EA —esin(Ean

(]
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APPENDIX D. SAMPLE ORBITS

To demonstrate the capabilities of the program, a variety of orbital plots will follow:
I. Low earth orbit (LEQ).

PERIPOCAL COORDINATE SYSTEN

I= 43.000 DEG. A= 72222 XM E~ 0.100 PER = 170 NOURS

AVERAGE RATE OP CHANGE OF ZLEMENTS PER SECOND
DI/DT = 0.00 DA/DT = 0.00 DE/DT= 0.00
DMM/DT = 0.00 DMA/DT = 0.00 DLAN/DT = 0.00
DH/DT = 0.00 DAPDT = 0.00

AVERAGE MAGNITUDE OF PORCES PER UNIT MASS OO4/5°°D)

EARTH = 0.0 NOON= 0.0 SUN = 0.0 DRAG = 0.0
PERICEE Apogee

RADIUS (KM) RP= 83000  RA = 7944.¢
VELOCITY (KM/SEC) VP = 821 VA = 672

Figure 7.  Unperturbed Low Earth Orbit (LEO)

Figure 7 shows the perifocal plot of a satellite in an unperturbed low earth
orbit (LEO). The initial parameters of the orbit were entered as follows:
radius of perigee (RP) = 6500 km
eceentricity (e) = 0.1
inclination (i) = 15 degrees.
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PERIPOCAL COORDINATE SYSTEM

= 44998 DEC. An 72033 XM E= 0008 PLR = 1.00 HOURS

AVEKAGE RATE OF CHANGE OF ELEMENTS DER Z2COND
DI/DT = 4.20°10"" DA/DT = 0.36°10°° DE/DT = 1.30°10™°
DMM/DT = 1.80°10"° DMA/DT = $21°10°° DLAR/DT = 9.48°10""
DH/DT = 583°10° DANDT = 921°10°
AVERAGE MAGNITUDE OF PORCES PER UNIT MASS (XM/5™0
EARTH = 9.6°10™° MOOX = 94°10°" SUN = 4.3°10°* DRAG = 1.4°10°
PELCEE Apogee
RADIUS (XM} RP = 6490.6 RA « 789070
VELOCITY (KM/SEC) VP = 8.20 VA = .M

Figure 8. Perturbed Low Earth Orbit (LEO)

With perturbing forces applied to the previous LEO, the drag force will be the
dominate perturbing force. The drag will act as a negative velocity change applied
in the area of perigee, with the result of decreasing the semi-major axis length, this
in efTect will decrease the eccentricity of the orbit, as can be seen by comparing the
orbital data of the unperturbed LEO in Figure 7 on page $6 with the orbital data
of the perturbed LEO in Figure 8.
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2. Circular orbit.

GROUND TRACK

= 30.007 DEC. A= 0006.1 KM E= 0.000 PER = .68 HOUR3

AVERAGE RATE OF CHANGE OF ELEMENTS PER SECOND *
DI/DT w 4.02°10"" DA/DT = 9.4°10°° DE/DT = 5.93°10™"
DMM/DT « 226°10"° DMA/DT = 152°10"° DLAN/DT = 7.32°10"'
DH/DT = 5.86°10"° DAPDT = 1.52°10°° .
AVERAGE MAGNITUDL OF PORCES PER UNIT MASS (KM/5*"2)
EARTH n 1.2°10"° MOON = 8.8°107'* SUN = 4.3°10™'* DRAG = 3.0°10°"

PERIGEE Apogee
RADIUS (KM) RP = 00044 RA = 80878
VELOCITY (KM/SEC) VP = 758 VA = 7.53%

Figure 9.  Circular Orbit

An example of the plot of the ground track of a sequence of three 60 degree
inclined perturbed circular orbits with a radius of 7000 km is shown in Figure 9.
The sequenuie of orbits displays the precession of the orbit around the carth.
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3. Transfer orbit.

PERIFOCAL COORDINATE FYSTEM

meal s

1400} -
b ___{& L

16081

Lt E L
iw C.000 DEC. A ™ {43106 KM E= 0318 PER =~ 4.8 HOURS

AVERAGE RATE OF CHANGE OF ELENENTS PER SECOND
DVDT = 0.00 DA/DT~= .00 DE/RT = 0.00

DNM/DT = 0.00 DMA/DT « 0.00 DLAN/DT = 0.00

DH/DT = 0.00 DAR/DOT = 0.00

AVERACE MACNITUDE OF FORCES PER UNIT MASS (KM/5°"2)
EARTH = D.0 MOUN = 0.0 SUN~w 0.0 DRAG = 0.0

PERIGEE Apogee
RADIUS (KM) RP = 7000.0 RA = 230219
VELOCITY (KM/SEC} VP = 230 VA= 2.7

Figure 10. Transfer Nrbit

The transfer orbit between a circular, equatorial LEO and a molniya orbit
(high eccentric orbit) is shown in Figure 10. A velocity increase of 1.75 km.s was
applied at the perigee to simulate a perigee kick to boost the satellite into the
molniva orbit. A similar velocity change could then be applied at apogee to create

a high altitude circular orbit, or a n.gative velocity change applied at perigee could
be used to bring the satellite back to a LEO.
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4. Geosynchronous orbit

GROUND TRACK

1% SL000 B2G. A x 2P M.6 KM E= 0.000 PER = 23.090 HOURS

AVERAGE RATE OF CHANGE OF ELEMENTS PER SECOND
DI/DT = 1.04'10°° DA/DT « 1.25%10™ DE/DT = 1.08°10°°
DMM/DT = 326°10""" DMA/DT = 3.02°10°* DLAN/DT = 1.89°10™°
DH/DY = 3.58°10™ DAPDT = 2302°16°°

AVERAGE MAGNITUDE OF FORCES PER UNIT MASS (KM/3°°2)

CARTH » £.2°0™" MOON = 4.9°10™° SUN» 2.8°10"° DRAG = 3.1°10°"
PERIGEL Apogee

RADIUS (KN} RP = 422339 RA = 422332
VELOCITY (WKAREC) VP = 3.07 VA = 3.07

™ L

Figura 11,  Geosynchronous Orbit

The ground track of a perturbed geosynchronous orbit inclined 60 degrees is
shown in Figure !lI. The orbit displays the figure cight typical with inclined
geosynchronous orbits.

90




10

(]

LIST OF REFERENCES
Bate, R.R., Mueller, D.D., and White, J.E., Fundamentals of Astrodynamics, Dover

Publications, Inc,, 1971,

Maztin Marrieta Corporation, Space Systems Division, Orbital Flight M.ndbook,
volume {, 1903,

Agrawal, B.N., Design of Geosynchronous Spacecraft, Peentice-Hall, Ine., 1968,

Rov, AL, Orbital Mation, Adam Hilger Lid., 1982,

Computer Associates, DISSFELA User's Manual, version 10.0, 1957.

91




INITIAL DISTRIBUTION LIST ,
No. Copies

I.  Defense 'l‘cclu_xical Information Center _ 2
Cameron Station .
Alexandria, VA 22304-6143

Library, Code 0142 2
Naval Postgraduate School
Monterey, CA 93943-3002

(84

3. Commander 1
Naval Space Command
At Code N3
Danlgren. VA 22448

4. Commander ]
United States Space Command
Autn: Technieal Library
Peterson AFB, CO SU914

£
o

Dirrector 1
Navy Space System Division

Chiel of Naval Qperations (OP-943)

Washington, D.C. 20305-2000

6. Superintendent ]
Natval Postgraduate School
Space System Academic Group
Aun: Prof. R. Panholzer (Code 62P2)
Monterey, CA 93943-3000

7. Superintendent l
Naval Postgraduate School
Aun: Prof. E. Milne (Code 6! Mn)
Monterey, CA 93943-5000

S.  Superintendent 1
Navul Pestgraduate School
Aun: Prof. D. Dauiclson (Code 33Dd)
Monterey, CA 93943-3000

™~

9. Commanding Oficer
Aun: LT Anthony Vraa
Deparunent Head Schiool Class 111
Surface Warlare Ollicer School
Newport, Rl 02841-5012

92




